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Executive summary

Transport is an important element to the economy, both in terms of the social aspect of connecting people but also
as an enabler for economic growth. However, the transport sector is also a large contributor to global greenhouse
gas emissions and the electrification of vehicles is regarded as one of the major initiatives to lower emissions. The
conversion to an electric transport sector is a key priority on both national and EU-level.

One of the major obstacles to transform the transportation sector is the user experience electric vehicle (EV) drivers
face when paying for charging sessions at publicly accessible charging stations. The public charging landscape is
fragmented with different payment solutions and interfaces which causes inconvenience for EV drivers, especially
when travelling abroad.

The goal of the report is to map out today’s payment landscape in the Nordic countries, as well as a selected number
of European countries: France, Germany, Portugal, and The Netherlands. This report will serve as a basis for further
work regarding EV payment solutions as a part of the project Accelerated Electrification of Roads Transport in the
Nordic countries. The Swedish Energy Agency and The Nordic Council of Ministers have a joint ambition to facilitate
collaboration between market actors to contribute towards uniform payment solutions on Nordic level, improving
today’s customer experience, and accelerating the growth in electrification of transportation.

There are several legislations, both proposed and implemented, that are expected to impact the current payment
situation for EV-charging. On an EU-level, the policies Alternative Fuels Infrastructure Directive (AFID) and the
proposed Alternative Fuels Infrastructure Regulation (AFIR) are considered the most influential. Being able to charge
using an ad-hoc payment solution (without entering a contract with a charging service provider) is important in both
AFID and AFIR. AFIR, though, goes one step further and has detailed payment with card or contactless functionality
able to read cards as a minimum solution for EV charging.

This report confirms that the current payment landscape is indeed fragmented, but that the same payments solutions
are to some extent provided in all the studied countries. The following payment solutions have been identified and
are described in the report:

e Apps and RFID chips that only work at specific Charging Point Operators (CPO) charging stations

e Universal Apps and RFID chips that can be used on several different CPOs charging stations

e Card terminals for debit and credit card payments (including devices with a contactless functionality that is
at least able to read payment cards)

e QR-Code and other web-based payment solutions

e SMS payments

e Plug & charge

Each of the identified payment solutions have been analysed in terms of advantages and disadvantages from a user,
a vendor and a uniformity perspective. Some differences have been observed across the markets. In Portugal and
the Netherlands, national roaming regulations mandates that payment must be possible through a universal app or
RFID chip at all publicly accessible charging stations. No CPO-specific payment solutions are therefore available in
Portugal or The Netherlands. The markets in the other countries appear more fragmented and all payment solutions
are present to some extent. The use of card terminal and SMS vary significantly between the countries. There is also
a difference in how “universal” the universal apps and RFID chips are, as some only work at two or more CPOs
charging stations while others cover many stations domestically and even cross-border.

Card terminals are only present to a low extent on the markets studied in the report. This can be due to the
perceived high cost connected to card terminals (hardware, installation and transaction fees) but also that card
payment lacks the ability to harvest data such as charging time etc. The data can be used to improve and create
value-added services and can be a reason why card terminals are not viewed as the preferred solution by CPOs.

The payment solutions offer different benefits to different stakeholders. Vendors can achieve a customer lock-in
effect by providing a CPO-specific app, RFID chip or use Plug & charge as a payment solution. It can also be a
strategic priority to become the leading provider of a payment solution such as universal apps or RFID chips, or to
maximize market reach through offering the option to pay with ad-hoc payment solutions. The choice of payment
solution can also be impacted by national legislation, as seen in Portugal and the Netherlands for universal apps and
RFID chips, or through proposed legislation from EU on requiring possibility to pay ad-hoc through solutions such as
card terminal, QR-code or web payments.



Initiatives to harmonize the payment solutions on a national level are in progress in some of the Nordic countries. In
Sweden, there is an initiative started by the former Minister of Energy to gather the industry to decide on a future
payment strategy as well as Swedish roaming platform initiative. In Norway, The Ministry of Transport has proposed
a new transport plan that promotes a more unform payment strategy for public charging as well as an initiative on a
universal RFID chip from the Norwegian Electric Vehicle Association. Denmark has recently proposed and
implemented a law that requires all future public EV charging stations to support card payments as a minimum
requirement.

The report concludes that card terminals offer an easy alternative to quickly reach a uniform payment solution that
also aligns with existing and proposed regulations from the EU. However, many other payment solutions offer
additional services that can provide significant customer value. A mix of payment solutions may present the best
alternative to not only enable easy payment of EV charging today but also capture the full potential of a data driven
future.
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1 Introduction

This report is written by Sopra Steria on behalf of the Swedish Energy Agency as a part of the project Accelerated
Electrification of Road Transport in the Nordic Countries that is funded by The Nordic Council of Ministers. The
Swedish Energy Agency has requested an overview of existing payment solutions for charging stations in selected
countries so that The Nordic Council of Ministers can evaluate the potential for a uniform payment solution in the
Nordic countries as they have pointed out the importance of co-operation across borders, especially between the
Nordic countries, to increase the efficiency and pace of the transition process to fossil-free transportation.

1.1 Background

Transport is the backbone of the economy — connecting people, jobs, and services — enabling trade and economic
growth, but it also acts as a large contributor to global greenhouse gas emissions. Electrification of vehicles is
regarded as one of the major initiatives to lower emissions and is a key priority on both national and EU level.
Several initiatives exist to accelerate the transition from fossil-fuel vehicles to electric vehicles.

The electric vehicle (EV) market, including Battery and Plug-in hybrid EVs (BEV and PHEV), is undergoing a
substantial growth that is predicted to continue the coming years. Consequently, there will be a high demand for
infrastructure, such as charging points, both in public and in private space. Lack of charging infrastructure is
expected to be a barrier to the shift to EVs.

The transition to EVs has created a new market for charging that is different from paying for fuel at a gas station. EV
drivers currently experience a heterogenous landscape with different payment solutions and interfaces when utilizing
public charging stations which among many things causes confusion and frustration. Mobile applications, credit and
debit cards, QR-codes, web page solutions and SMS payment are all payment solutions offered on today’s EV market
in the EU.

Another issue connected to many of these payment solutions is that they require advance registration before
charging, so called “contract based charging sessions”. This practice complicates the charging process and creates
another restriction for EV drivers. Card terminals, which is the standard for uniform, ad-hoc payments, are
considered expensive and not available as standard for public EV charging.

The EU and several member states have recognized the need for harmonization of the EV charging market.
Regulations that address the need for uniformity and ad-hoc payments are in progress or to some extent already in
place. It is at this point not clear neither if the proposed legislation will provide sufficient framework to create a
functioning market nor if the proposed technical solutions are optimal for all parties involved.

There is today no overview of the landscape for payment solutions that can provide a roadmap for Sweden or the
Nordic countries. Just the impression of a fragmented market that can impede the transition to EVs. More in-depth
knowledge about the market landscape and the existing solutions is necessary to provide a basis for further
discussions on establishing a uniform payment solution for EV charging.

1.2 Research objectives

This report aims to present the current situation and context of today’s payment solution for public charging stations
in the Nordic countries, as well as a few countries representing different approaches to payment solutions — The
Netherlands, Portugal, Germany and France. The findings will serve as a foundation to evaluate conditions for a
uniform payment solution for EV within the Nordics. The research objectives of this report are as following:

a) A compilation of existing payment solutions in the Nordic countries, the Netherlands, Portugal, Germany,
and France.

b) The potential basis for chosen payment solutions for public charging stations.

c) Steering mechanisms to control and incentivize uniform payment solutions for charging stations based on
initiatives such the AFID, proposed AFIR and ITS.

d) A compilation of ongoing initiatives related to payment solutions and uniformity in the Nordic countries.

e) Strengths and weaknesses of existing payment solutions for users, charging service operators, and the
potential of being a common Nordic solution.

Each objective will correspond to a different chapter in this report



1.3 Limitations

While this report explores different payment solutions for EV charging, only payment solutions currently available on
the EV charging market today for the studied countries are included. More innovative payment solutions that are
currently in test or pilot phase are not included. Further, only payment solutions for public charging of passenger cars
are included. The following payment solutions will be explored in this report and are further defined in Chapter 2:

e smartphone applications (where this report differentiates between what will be defined as a CPO-specific
app and a universal app)

e  RFID chips (where this report differentiates between what will be defined as a CPO-specific RFID chip and a

universal RFID chip)

card terminals

QR-code or other web-based payments solutions

SMS payments

Plug & charge

Some activities related to the payment situation is not relevant for the purpose of this report and is consequently not
considered. Elements relevant to activate and pay for a public charging session are instead of focus and will be
defined as “payment solutions” in this report. Other aspects related to payment for EV charging, for example whether
the transaction is wired directly from the drivers account or if the driver receives an invoice, will not be included.

As this report explores the potential for a common Nordic payment solution, focus will be on the Nordic countries:
Sweden, Norway Denmark, Finland and Iceland. However, certain other European countries are included in some
parts of the report. The Netherlands, Portugal, Germany, and France are explored to gain further insight into
payment solutions in the European EV charging market. The reason for exploring these countries was based on
either the size of the country, or the perception that the market would differ significantly from the Nordic market and
chosen in consultation with the Swedish Energy Agency. Other European countries will not be considered nor studied
in this report.

Legislations on both EU level and national level is described in the report, but only the parts concerning payment
solution for EV charging, and not on a detailed level. This report does not describe any legal aspects of the different
payment solutions either. Definitions used in this report are defined in Chapter 2 and are not limited to local, regional
nor EU’s definition found in proposed and implemented legislation.

1.4 Approach

The data and descriptions of payment solutions in this report are based on publicly available information that has
been collected through desktop research. Information from workshops between Sopra Steria and The Swedish
Energy Agency, internal workshops as well as insight and feedback from payment and transportation subject matter
experts has also been included. Further, a reference group with representatives from national energy or transport
authorities from all the Nordic countries has been involved during the process and have given input to the report.

Charging point operators or mobility service providers have not been interviewed directly and the solutions described
in this report may therefore have features that are not described here.



2 Explanations and definitions

EV charging market consists of numerous market players, offering a range of charging and payment solutions. To
ensure a common understanding throughout the report, this chapter will define uniformity, key players and concepts,
explain the charging process and define relevant payment solutions.

2.1 Uniformity

In terms of public EV charging and uniformity, there is a common understanding that interoperability is necessary to
promote and incentivize driving EVs at a larger scale. Creating uniform experiences and standardized solutions for
drivers is seen as a key to enable both domestic travel and travel across national borders. When referring to
uniformity in the context of payment solutions for public EV charging, this report implies that the EV driver should be
able to use the same sort of payment solution independent of location, car brand and charging service providers.
This could be seen from both a regional, national and international perspective — where an international standardized
solutions being available to all types of customers in the same manner could be regarded as the highest level of
uniformity. Uniformity therefore also implies the possibility to utilize the same payment solution across different
vendors and operators.

2.2 Market players and concepts

The following market players and concepts play an essential role in today’s EV charging market. As this report solely
focus on payment solutions, it should be noticed that only relevant parts of the charging session will be defined and
explored, i.e., only actors directly related to the customer payment interface.

It is also of importance to define the difference between charging point, -station and -pool as well as the concept of
roaming related to public EV charging. The definition of public charging and the different steps of the process will be
further presented in 2.2 Public charging and process.

2.2.1 Charging point operator (CPO) I I

A charging point operator (CPO) deliver the physical charging stations used to charge
electrical vehicles [1]. Each CPO distribute and operates a network of charging stations
and are in that way building the charging-infrastructure [1]. A CPO are generally
responsible for installation and maintenance of the charging stations. Many CPOs are
expanding their business model by including products or services offered by mobility
service providers, further described in 2.1.2 Mobility Service Provider (MSP) and are in \ )
that case both acting as an CPO and MSP [1]. cPO

The European Union are currently working on defining the concept of a CPO for legislative Charging Point Operator

. . “ . T (Charging Service provider)
purposes and have proposed the following definition: “operator of a recharging point
means the entity responsible for the management and operation of a recharging point, which provides a recharging
service to end users, including in the name and on behalf of a mobility service provider” [2]. This definition is a part
of the, by the European commission, proposed Alternative Fuels Infrastructure Regulation (AFIR) [2].

2.2.2 Mobility Service Provider (MSP)
\ A mobility service provider (MSP) offers EV drivers access to a network of charging stations,

(XX T ]

usually by providing a RFID chip or app, or both. [3]. In addition to start, stop and pay for a
charging session, mobility service providers might offer a wide range of services, including
' real time data for charging stations, and keep expanding their business model to differentiate
themselves through new features [3]. These services are typically available for registered
users, and unregistered customers are often provided with a more limited range of services
but will often be able to manage and pay for the charging session [4].

An MSP might focus on providing charging access for one specific CPO’s network or increase

— the number of charging points available through their network by signing roaming
l—d agreements [3]. An e-mobility service provider (EMSP) indicate that the solution is electrical

MSP [1], and related to public EV charging EMSP is often used interchangeably with MSP since
Mobility Service Provider most solutions are digital.

(Charging Service provider)



The European commission have also a proposed definition of MSP as part of the Alternative Fuels Infrastructure
Regulation (AFIR): “mobility service provider’ means a legal person who provides services in return for remuneration
to an end user, including the sale of a recharging service”. [2]

2.2.3 Charging service provider (CSP)

As mentioned, CPOs often operate as both CPO and MSP and defining and drawing the line between CPOs and MSPs
gets continuously tougher. As the public EV charging market is progressively growing and evolving, new
collaborations and services are continuously emerging [5] and the definition of Charging Service Providers (CSP) has
been conceived as a convenient term to use for all actors contributing to the EV charging market [5].

2.2.4 Charging pool, charging station and charging point

An EV charging pool is a location equipped with one or more public charging stations from one CPO [6]. A charging
station is the physical object, typically hanging on a wall or self-standing, that provides the customer with electricity
throughout a charging point [7]. A charging station might have one or more charging points where each point
corresponds to a spot where an EV can be plugged in and charged accordingly [7]. Public charging stations generally
tend to have two or more charging points and one dedicated parking spot per point [7].

Charging Pool
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Charging Station

Only charging points are yet defined by the EU whereas the definition charging pool and station is only proposed in
the Alternative Fuel Infrastructure Regulation (AFIR) [2]. AFIR defines a recharging station as a single physical
installation for recharging vehicles and each charging station have at least one charging point that can only serve one
vehicle at the time [2]. The number of recharging points at a recharging station determine the number of vehicles
that can be recharged at that station at any given time meanwhile a charging pool is the designated area where one
or several charging stations are located [2]. Charging pool could also include the dedicated parking lots adjacent to
the charging station [2].

AC charging points with capacity of 22 kWh or less are referred to as normal chargers, meanwhile charging point of
higher capacity are referred to as high-power or fast chargers by the EU [8]. Meanwhile, DC charging points are
considered high-power at 50 kWh or above [8]. Operators and actors have varying definition of fast charging and at
what capacity a charging point is considered high-power, often resulting in different charging rates, why the EU’s
limit will be utilized for comparison and uniformity. Both normal and fast chargers will be considered in this report
and will not be analysed separately since they are both accessible for most EV-drivers and the same payment
solutions are in many cases provided by both.



2.2.5 Roaming

Roaming allows EV drivers to charge their car 1 — )

across various CPOs’ charging stations by only

utilizing one MSP. Roaming allows customers the =

possibility to create one account with their preferred E _J

provider and make payment to this single source =

[9], regardless of where the charging session have Cchha,ginggiff?opm?,J (él“*’“‘“’%?”s'i o
(Charging Service provider \arging Service provider

been completed within the roaming network.

Roaming networks might be provided in various
extent and by different types of actors. Two or
more CPOs might for example expand their
charging network by signing a roaming agreement
[9], and the customer will be able to use either one
of the collaborating operators’ payment solutions for
all charging stations within the network.

Roaming can also be provided by third party — \\ | |
=

EV driver

+
|
|
|
|
|
|
|
|
|
|
| Outgoing roaming Incoming roaming
|
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|

solutions — roaming platforms — where the business
model is based on connecting various MSPs and
CPOs to one open Roaming network [10].
Customers might pay by using the third-party

payment solution or any other preferred MSP’s P~ pa——
payment solution within the Roaming network. T S

2.3 Public charging

EU legislation defines a publicly accessible charging
point as “a point which provides EU-wide non- BV driver

discriminatory access to users”, including

accessibility to payment solutions [11]. This imply that charging points not supporting ad-hoc payment, where the
driver is required to enter some sort of contract to be able to charge, are not considered publicly accessible.

However, for the purpose of this report a wider definition is useful. As the report explores different payment solutions
EV drivers are facing today, and the uniformity of these, all charging stations accessible for a considerable number of
individuals are of interest and should be explored. As many of the identified actors in EU provides payment solutions
that are not considered ad-hoc, this report will not make a distinction on whether a charging point is public based on
available payment solutions. Given a sizable customer base, charging points available for specific car brands will be
included in the definition as well.

2.3.1 The charging process

From a customer perspective, the charging process at publicly accessible charging stations might vary due to todays
fragmented market with many operators with different business models. Which payment solutions that are provided
will impact the process, but even with the same payment solution, the process might vary due to for instance
different user interface. However, this section will describe some generic steps the driver most likely will need to
complete.

1. Preparation and registration

For certain payment solutions, preparations in advance of the charging session, like ordering an RDIF chip, might be
required. Further, in many cases the customer needs to be registered as a customer to start charging. Downloading
an app might be required in order to create the customer account. The next steps are described under the
assumption that the driver has completed preparations and registration if necessary. Cases where the driver does not
need to register in advance are referred to as “ad-hoc payments”, in those cases this step is not required.
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2. Connecting the charger

Before being able to start charging, the driver must connect the charger to the car. This is normally done before you
initiate charging with one of the payment solutions, but in some cases the driver is required to initiate with a
payment solution before connecting the charger to the car.

_)

L2

3. Choose payment solution

Available solutions at the relevant station might vary, but to start the charging session, the driver needs to choose a
payment solution. The following payment solutions might be used at public EV charging stations (all will be described
further in 2.3 Payment solutions):

Swipe/tap a specific RFID card/tag
Press “start” on a specific smartphone application
e Scan a QR code which directs you to for instance a website where you add your payment details (or other
web-based solutions)
Send SMS to a specific phone number
Swipe/insert/tap credit card or debit card
Plug & charge, where the charging starts automatically

4, Start and stop charging

In some cases, the customer might need to press “start” on the charging station to start the charging session,
otherwise the charging is initiated as the payment solution is decided in step 4. There are several options to stop the
charging session depending on what payment solution has been used to initiate charging. This could for instance be
by pressing “stop” in the app, swiping the RFID card/tag or sending a SMS. For payment solutions such as QR code
scanning or credit/debit card the user might need to press “stop” on the charging station itself. As for Plug & charge
the user might be able to stop the session in the car or by pressing “stop” on the charging station. The driver can
now unplug and drive off.

Z
o
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5. Invoicing

The customer will, dependent on the chosen payment solution, be invoiced accordingly. This could include direct
transaction in real time, a specific invoice monthly or even adding the amount to the customers’ phone bills.

N\
/

@

2.4 Payment solutions

As earlier introduced, the EV public charging market is currently characterized by offering numerous different
approaches and payment solutions, and what is referred to as a payment solution is vital to define. Payment solution
is in this report defined as the object or function utilized to enable EV charging at publicly accessible charging points
as presented in the charging process above.

The different payment solutions might be categorized based on the relation and agreement between the operator
and the customer. “Ad-hoc payments” for public EV charging does not require any kind of commitment between the
end user and the MSP in advance. This allows all EV driver to charge spontaneously at publicly accessible charging
stations, regardless of nationality and member agreements [12]. “Contract-based payments” on the other hand,
require a contract between the end user and the MSP in advance of the charging session [2]. “"Automatic
authentication” is a process where the authentication of a vehicle at the charging point is entirely automized, with no
interaction from the customer, and all the driver does is to plug in the charger at the designated charging station [2].

The payment relationship between the driver and operators also differs along other aspects, for example whether the
transaction is wired directly from the driver’s account or the driver receive invoice, but these aspects will not be
considered in this report. The following payment solutions are the ones currently identified for publicly accessibly
charging points and will be described in more detail: RFID chip, App, Web payments, SMS, Card terminals and Plug &
charge.

2.4.1 RFID chip (charging card/RFID tag)

Operators can offer drivers either a charging card or RFID tag as payment solution. Since both utilize a RFID chip
and have close to identical payment process and user experience, this report will refer to both options as RFID chip.
The RFID chips are usually ordered from the MSP to be delivered by mail but could also be bought in stores [13]
[14]. The use of RFID chip is a contract-based payment solution, and before the charging session can start, the end
user typically needs to register the RFID chip in the customer account for the relevant operators and add payment
details [9]. To start and stop the charging session the chip needs to be placed at the RFID reader on the charging
station. The process might be slightly different depending on vendors and type of charging station, and the driver
might need to press start and stop as well [14]. The charging session will be charged according to payment details
provided in the customer account [9]. [15]

A RFID chip might be provided by a MSP that also serve as a CPO, a company only serving as an MSP, or for instance
a car company offering RFID chip as part of their product offering. Some RFID chips might only be used at charging
stations from one specific CPO, in this report defined as “CPO-specific RFID chip”, while others might be used across
two or several different CPOs, called “universal RFID chip”. Universal RFID chips can be utilized as a payment
solution when roaming is available.

2.4.2 App

There are a range of different apps providing services related to public EV charging, including charging station maps,
navigation assistance and real time data about availability to mention some [16]. To what degree the apps covers the
different services varies, and for the purpose of this report, the focus will be on describing EV charging apps as a
payment solution. App as a payment solution for publicly accessible charging stations is a contract-based payment
solution, and before the charging session can start the user typically need to download the relevant app and create a
customer account [9]. When arriving at the charging station, the driver needs to identify the relevant charging point
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in the app, the details vary between different apps, but this might be done by for example finding the relevant
charging point on a map [17]. Thereafter the driver can start and stop the charging session through the app and will
be charged according to payment details provided in the customer account [18].

Just like RFID chip solutions, EV-charging apps might be provided by several different operators, including CPOs, car
manufactures and companies operating only as MSP. While some apps might be used as payment solution for one
specific CPO, called “CPO-specific app” in this report, other apps might be accepted as payment solution by different
CPOs, called “universal app”. Universal app might be utilized as a payment solution when roaming is available.

2.4.3 Web payments

There are different types of web payments for publicly accessible charging stations. One web payment solution
involves finding a charging station available through a specific map and fill in card details [19]. However, using QR-
codes seems to currently be a more common solution for accessing web payments (see Appendix B). QR-codes can
be offered as an ad-hoc payment solution where the customer needs a smartphone camera to scan a QR-code
placed at the charging point and is then automatically guided to a web interface where payment can be completed
by for example adding payment card details [9]. QR-codes might be dynamic or static [20], and when the QR-code
payment solution is available an alternative URL might be provided to reach the web page used for payment
manually [21].

2.4.4 SMS payments

SMS as a payment solution for public EV charging is mostly offered as an ad-hoc payment solution [9] and works by
sending an SMS to start and stop the charging session to a specific number [22]. The customer needs to include a
specific code or text in the SMS as an identification of the charging point, but this along with the receiving number
will typically be provided at the charging point [23] [24]. The driver will be charged through their regular phone bill
[22]. Some operators requires that the customer sign up to varying extent beforehand, why SMS payments should
not always be seen as an ad-hoc payment solution (see Appendix B). Whether SMS payments are available to non-
domestic customers and whether the customer needs to be legally tied to a specific phone number by the phone
operator is not explored in this report.

2.4.5 Card terminal

Card terminals accepting debit and credit card payments is a well-established payment solution for fossil-fuel vehicles
and several other markets, and the concept is quite similar when card terminal is used as payment solution for EV
charging. The driver will manage the charging session from the charging station and use card terminal to pay [25].
Payment with card terminal is offered as an ad-hoc payment that does not require the customer to sign up in any
way in advance [9]. The convenience of this payment process will to some degree vary depending on whether the
driver may swipe, insert, or tap the card, but all these alternatives, as well as other contactless payment solutions
such as Apple Pay, and Google Pay will be defined as one payment solution in this report.

Card terminals generally support contactless card payments in the Nordic countries and for the purpose of this
report, card terminals will be assumed to also include contactless functionality. Contactless functionality supports, in
addition to contactless card payments from traditional debit and credit cards, payments with digital instances of
payments cards such as Google and Apple pay.

2.4.6 Plug & charge

Payment solutions tend to require the customer to manually start the charging session. Plug & charge, on the other
hand, offer an automatic authentication process where the EV will send the verification details when the charger is
plugged in, and if accepted, automatically starting the charging session [26]. Likewise, the customer will
automatically be debited for the consumed charging when the session is stopped either automatically or by the driver
[26]. However, an agreement between the customer and the Plug & charge operator is required in advance of the
charging, consequently making this payment solution contract-based [9]. The MSP for Plug & charge could be
different types of market players, when offered by car brands the solution tends to be integrated in the EV interface,
making it easily accessible for the EV driver.
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3 Existing payment solutions

In 2020 Europe became the largest market for electrical vehicles and electromobility, with over 10% of all vehicles
being electrical [27]. However, market design and accessibility of public charging station widely differs, both in terms
of numbers and user interface. The following section will explore the different payment solutions todays EV drivers
face in the Nordics and other selected European countries, including Germany, France, Netherlands, and Portugal.
Because the EV charging market is developing rapidly, this section will focus on general market trends, and not focus
on specific operators and individual findings in terms of market share etc.

If not referred to other references, information in this chapter is based on desktop research conducted for this report
by looking into different charging service providers and gather information from their web page, this have been
summarized in Appendix B. Blog posts, news articles and videos have been reviewed to aim an impression of the EV-
driver experience in the relevant countries, but not used as direct reference. It should be mentioned that not all
operators have been explored and the findings is not sufficient to describe the payment solutions for each country in
detail but gives an indication of what payment solutions that is provided and to some degree how common they are.

3.1 Overview of identified payment solutions

The identified payment solutions are all available in the explored countries to some extent. RFID chips and mobile
apps are the most common payment solutions. On some markets there is a universal app and/or RFID solution while
other markets are fragmented on this level as well with several CPO specific solutions. Sweden is a good example of
this second-level fragmentation where EV drivers need to download several apps and register with each CPO to cover
a sufficient geographical area. The availability of ad-hoc payments varies considerably between charging service
providers and also between markets.

The following table summarize the identified payment solutions in the studied countries as well as providing a brief
overview of current legislation related to public EV charging. Further information about each country will be explored
in this chapter and information is based on the findings in Appendix B.

Identified payment solutions
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*See Chapter 6.3 regarding recently adopted legislation in Denmark

All the studied countries utilized apps, RFID chips, some sort of QR-code/web payments and plug & charge. For
countries that have legislated roaming, Portugal and The Netherlands, no CPO-specific apps or RFID chips have been
identified. Card terminals are quite uncommon and in the studied countries, only a few actors have yet to install card
terminals. Even in Germany, where new legislation soon will require all new charging stations to install card
terminals, only a few actors seem to have widely implemented card payments. For most of the Nordic countries, SMS
payments are available on the market meanwhile it has not been identified in several other European countries.

3.2 Sweden

With low electricity rates compared to many other European countries, a great deal of all EV charging in Sweden is
non-public, happening either at home or at work and over 65% of all EV drivers in Sweden are said to have private
(non-public) access to charging stations [28]. Despite the stated difficulties related to fragmented payment solutions
at public charging stations, Sweden is among several countries undergoing a steady increase of EVs [8] [28]. The
fragmented market is seen as an effect of a wide variety of actors, both regional and international, fighting for
market shares without any legislative steering.

A great part of publicly accessible charging stations in Sweden are operated by either traditional fuel companies
utilizing the existing gas station network or by energy companies that also provides electricity. There are also
available charging stations commonly run by real estate and parking companies. Some of the operators are
collaborating with each other and utilizing the same technology, making it simpler for customers to charge within the
network.

Payment solutions

Payment options often include an operator specific RFID tag or charging card that can be utilized at the operator’s
charging stations where the customers are invoiced monthly. Charging station operators generally also have an app
where you can pay directly when you charge by adding your debit or credit card details. A few charging operators
also offers ad-hoc payment by installed card terminals, SMS payments or provided QR-codes but it is still considered
unusual in Sweden.

There are a few alliances or collaborations between different charging operators in Sweden which enables the
customers to use the same app, card, or chip at different operators’ stations. Even so, there are MSPs that solely
offers a uniform payment solution for private or commercial customers available at a network of charging operators.
These providers generally offer a larger network of collaboration outside of Sweden and some covers most of the
larger charging operators’ stations in Europe.

Related to specific car brands and specific charging operators, there are also an automated charging and payment
experience, so called Plug & charge, available in Sweden. This solution requires that the vehicle is compatible with
the specific Plug & charge station and are currently not considered public by the definition of EU. Drivers are required
to sign up and registering a debit or credit card to an account beforehand.

3.3 Norway

Public EV charging in Norway is provided by different market players; CPOs, local authorities and businesses
expanding their business models to become CPO, including energy companies, gas stations and car manufactures
[29]. Considering all public EV charging providers offering one or more charging point, there are as of 2022
approximately 30-35 different active market players where many of those provide different charging experience and
payment solutions [29].

CPOs often sign contracts with different service providers or stores/malls to acquire an attractive charging station
location in Norway. For fast chargers, most charging stations are either located at shopping malls, grocery stores, gas
stations or near accommodations and places to eat. Historically cheap electricity rates and well-established private
charging, including smart home charging stations, also provides incentives for the fast increase of EVs in Norway
[28]. As of January 2021, it is also compulsory to provide EV charging for all condominiums in Norway, making
private charging further accessible in Norway [30].
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Payment solutions

A range of different payment solutions is offered in the Norwegian EV charging market [31] and like in Sweden,
these might be provided through different market players and approaches. CPOs might provide payment solutions at
their charging stations or leave it to a MSP.

Contractual payment solutions like apps and RFID chips are common payment solutions, and all CPOs in Norway
offers payment with either CPO-specific or universal apps [32]. There are several collaborations, and apps and RFID
chips might be used across certain different charging networks, but there is currently no official roaming agreement
between all charging providers or any governmental legislation impacting this [31].

Ad-hoc charging by SMS payment is provided by most CPOs in Norway [32], but is also enabled at several charging
stations by QR-code. QR-code as a payment solution can typically be completed by entering card details at the
service providers web page, but one Norwegian operator recently introduced payment with Vipps, which is a well-
known mobile payment application in Norway (similar to Swedish “Swish”). Charging might be two or three times as
expensive when charging ad-hoc in Norway than by using contract-based payment solutions, especially for SMS
payments [33] . Ad-hoc charging by SMS payment is provided by most CPOs in Norway [32], but is also enabled at
several charging stations by QR-code. QR-code as a payment solution can typically be completed by entering card
details at the service providers web page, but one Norwegian operator recently introduced payment with Vipps,
which is a well-known mobile payment application in Norway (similar to Swedish “Swish”). Charging might be two or
three times as expensive when charging ad-hoc in Norway than by using contract-based payment solutions,
especially for SMS payments [33] . A couple of CPOs offers an Automatic authentication experience and payment is
accomplished by Plug & charge.

3.4 Denmark

Public chargers are mainly placed by highways, public parking areas and public buildings, as well as different private
areas like gas stations and grocery stores [34]. There are several market players providing public EV charging, but
two or three CPOs are covering most of the Danish charging network [34]. It should be mentioned that the EV
market is continuously developing, and smaller market players are expanding their network. Compared to the two
other Scandinavian countries, subscription model, where the driver pays a monthly fee for either charging at home,
at public chargers or at both is more common in Denmark [34].

Payment solutions

Like in Sweden and Norway, EV drivers in Denmark are facing several different payment approaches. App and RFID
chip is common payment solutions. Many charging service providers act as both MSP and CPO, included two of the
biggest operators, but there are also businesses operating as either a CPO or MSP [35]. This result in various
payment solutions provided, both CPO-specific and universal apps and RFID chips. A great part of public charging
points in Denmark is available through a roaming platform due to an agreement from 2021 where most market
players committed to provide all EV drivers the possibility to pay across different charging networks [34]. Operators
signing the agreement allow the driver to use payment solutions provided by other operators and the driver might
chose to use the preferred solution. The price might however vary.

Some operators offer ad-hoc charging [35], for example by web-based solution where the driver enter a charging
point ID and payment card details or by installed card terminals. The automated charging and payment experience,
Plug & charge, is provided by a few operators, like in the two other Scandinavian countries described earlier.

3.5 Finland

In comparison to the Scandinavian countries, there are fewer and larger CPOs in Finland, which would imply higher
market entry barriers for smaller actors. Like the rest of the Nordic countries, the market consist mainly of traditional
energy and fuel companies together with new actors that are only CPOs.

Payment solutions

Like described for the Scandinavian countries, payment for EV charging in Finland is either provided by CPOs or
MSPs. Both contractual and ad-hoc payment solutions seem to be common in Finland, whereas CPO-specific and
universal apps and RFID chips are provided as contractual payment solutions and either SMS or web-based solution
where the driver enter payment card details appears to be common ad-hoc solutions. Drivers are likely to be charged
higher prices when utilizing Ad-hoc payments solutions. Identified charging providers seems to be part of networks
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that tend to have an international perspective. A couple of CPOs offers an automatic authentication experience and
payment solution by Plug & charge in Finland.

3.6 Iceland

The findings of this research indicate that the EV charging market is operated by significant fewer companies than
most other studied countries, but this could be since Iceland is smaller in terms of population and consequently have
a smaller operational market in total. Charging is provided by both operators entering the market as CPOs, energy
companies acting as CPOs and cooperation between the two.

Payment solutions

Identified charging service providers seems to be part of a larger network, and it appears to be two charging
networks covering most of all charging points in Iceland, excluding plug & charge operators.

Payment with CPO-specific and universal app and RFID chip tend to be offered for a majority of charging stations,
mostly offered by CPOs partnered up with an MSP. Ad-hoc payment is available at charging stations from at least two
operators, typically provided through web-based payment solution and credit and debit cards terminals. Automatic
authentication by Plug & charge is so far provided by at least two operators in Iceland.

3.7 Germany

In addition to companies entering the market as CPOs, EV charging stations in Germany are generally operated by
traditional fuel companies utilizing existing gas station networks, or energy companies. To reduce EV drivers
concerns regarding charging, Germany announced in 2020 a proposition that all gas stations will require to offer EV
charging as part of Germany’s new increased electric-vehicle incentive package [36]. Further, the German
government are fully invested in the development of more charging stations and public accessibility as they have
passed on the law requiring all EV charging stations built from June 2023 to accept direct card payments [37].

Payment solutions

Both CPOs and MSPs provide payment solutions for EV charging in Germany. According to a report conducted by the
Danish Ministry of Transport and the ministry of Climate, Energy and Supply [34] charging cards (defined as RFID
chip in 2.3.1) is the most common payment solution in Germany. There is no RFID chip or app providing access to all
charging points and EV drivers need to use different RFID chip and app depending on CPO. There are however
several collaborations and MSPs providing access across more than one charging network by universal apps, often
covering big parts of Europe. According to Last Mile Solutions, drivers are provided access to almost all major
networks, but Berlin is an exception due to old-fashioned way of working there which makes it complicated to access
the different networks for roaming [38].

Ad-hoc payment solutions seem to be provided by some operators, either by QR-code or by credit and debit card
payments at installed card terminals. However, like mentioned above all charging stations installed from June 2023
must accept ad-hoc payment with debit or credit card. Like all other explored countries, a few CPOs in Germany also
offers an automatic payment solution by Plug & charge.

3.8 France

According to a report written by the consulting firm P3 many small CPOs are operating in France on a local level,
which result in a heterogeneous EV charging landscape with many different actors [39]. It's natural to assume that
payment solutions consequently lack consistency and uniformity.

Payment solutions

App and RFID chip, either provided by and MSP or CPO acting as an MSP, seems to be common payment solutions
for the publicly accessible charging stations in France and in most cases the operator offers both payment options
but can also offer either app or RFID chip. Several CPOs in France are either collaborating or taking part of some sort
of alliance, where the available apps or RFID chips can be used across several CPOs. Several operators cover a lager
international network and makes it possible for the driver to pay with the same app or RFID chip/charging card
across most countries in Europe.

Some charging service operators offers Ad-hoc charging and while QR code seems to be the most common payment
solution, some charging stations are equipped with card payment terminals. Some operators in France also offer Plug
& charge as payment solution, available for specific car brands or models.
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3.9 The Netherlands

The Dutch EV charging market is operated by various CPOs and MSPs. If only considering fast charging stations,
78% of the approximately 450 stations is operated by four different CPOs [40]. Due to high installation costs the
Dutch government and local authorities have cooperated with private businesses to offer more charging stations,
which has resulted in a major part of the country’s charging infrastructure being semi-public and placed at grocery
stores, shopping malls and offices [31].

Payment solution

Like other explored countries, payment solutions in Netherlands might be provided by either an MSP or a CPO that
also acts as an MSP. The charging service provider tend to offer payment with an app, RFID chip or both. The
Netherlands have developed a protocol called Open Charge Point Interface (OCPI) and requires that all public
accessible charging stations need to support this standard [34]. This standardization of payment solution enables the
driver to pay with the same RFID chip for almost all public accessible charging stations in the Netherlands.

In terms of Ad-hoc payment, a price transparency benchmark conducted by The Netherlands Knowledge Platform for
Charging Infrastructure in 2021, claims that only 42% of the charging stations they considered offered ad-hoc
charging [40]. Further on, they find that the most common ad-hoc payment solution (62%) is by QR-code guiding
the driver to a web page/app, and other options include payments via credit/debit card or by calling a telephone
number [40]. A few charging operators offer automatic authentication through Plug & charge in The Netherlands. but
these are currently not considered public by the definition of EU nor support the OCPI standard.

3.10 Portugal

With the purpose of contribute to a more sustainable mobility model and accelerate the transition toward electric
mobility, Portugal have created one standardized public charging network, the Electric Mobility Network (MOBLI.E)
[41]. The development of this public network started in 2008 and was established in 2015, integrated in the National
Action Plan for Energy Efficiency [41].

Payment solutions

All operators offering public EV chargers on public land in Portugal needs to be part of the MOBL.E network, and EV
drivers will gain access to all charging stations nationwide independent of specific CPOs or MSPs. Usually both app
and RFID chip might be used to pay for EV charging, and these are provided by both MSPs an CPOs.

However, gaining access to the national roaming network generally requires a Portuguese app or RFID chip, why it
might be difficult to utilize the network in Portugal for foreigners without signing up for a local agreement. Ad-hoc
payment solutions are supported by some charging points by scanning a QR-code and entering payment card details.
Automatic authentication is available through Plug & charge by a few operators but are not considered as a part of
the public charging network by the Portuguese government since they are not connected to the MOBI.E network.
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4 Potential reasons for choosing payment solutions

The following chapter explores potential reasons behind choosing different payment solutions from a CPO
perspective. Identified payment solutions described in previous chapter will be explored, and since there might be
various aspects for why a CPO chose one payment solution over another, each payment solution will be evaluated
across five different dimensions:

e  Market perspective

e Political perspective

e Technological perspective
e  Financial perspective

e  User perspective

This chapter will only focus on reasons for choosing different payment solutions, while weaknesses with the different
solutions from a CPO perspective will be analysed in Chapter 7. Mainly generic reasons will be in focus in this
chapter, but it should be mentioned that there might be individual differences between CPOs when considering the
justification for choosing different payment solutions. A CPO often offers a combination of different payment
solutions, as it might be complementing different aspects and attract different types of customers. However,
exploring the basis of choosing combinations of different payment solutions will not be explored in this study but

might be of interest for future research.

Potential basis for choosing payment solutions
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4.1 Market perspective

When discussing potential reasons for choosing a payment solution from a market perspective, the CPOs objective to
strengthen its position in the market should be explored. From a CPO’s perspective, the so called “lock-in effect”
which create a more loyal customer base and makes is less convenient to swich to other operators, might be
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motivation for choosing a CPO-specific app and/or CPO-specific RFID chip, as well as Plug & charge as payment
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solution. Offering attractive charging rates and other loyalty perks could be an efficient way to create returning
customers for CPO-specific payment solutions.

A reason for choosing universal app or RFID chip could be the opportunity for CPOs to obtain a larger customer base,
as allowing use of other MSPs or CPOs app and/or RFID card at the CPQ's station potentially attracts more



customers. Since the CPO also can be an MSP, choosing a universal app and/or RFID chip might also be to try to
position itself in the market as an MSP and become a standard payment solution in the market. Creating “Strategic
alliances” to outcompete certain competitors, could also be a reason for choosing either universal app or universal
RFID chip. For instance, two CPOs providing charging networks in different geographical regions might cooperate by
allowing each other’s customers access to their charging network, using one universal app or RFID chip, as an effort
to try to outcompete other CPOs having stations nearby.

CPOs operating in today’s EV-charging market might operate in additional markets where they potentially already
offer one of the described payment solutions or provide other services through an app. For those cases it might be
sufficient to develop already existing solutions which is likely to be a reason for choosing payment solution for EV
charging. Most likely to be relevant for apps

Accepting payments from solutions such as SMS, QR-code/web or credit-/debit card terminals could from a market
perspective be to maximize market reach, since such solutions do not require any prior sign-up, are accessible for the
majority, and are well established ways of paying for other services in most countries.

4.2 Political perspective

Looking at potential reasons from a political perspective there might be national or EU-level rules in place, or
proposed legislation, that have impacted the basis for choosing a payment solution. Being part of a roaming network
and thereby granting MSP access to your charging network could be required by the government or on EU-level,
which then is a reason for choosing universal app and/or universal chip. This has for instance been the case in
Portugal where all CPO must be part of the national network so that EV drivers can use one app or card at any public
available station.

On EU and national level, legislation might also require the possibility of paying with ad-hoc solutions, thus being a
potential reason CPOs choose to offer the opportunity to pay with SMS or QR-code/web payment. This can be seen
in the proposed AFIR where QR-payment should be accepted for charging stations offering <50kWh. Proposed
legislation (AFIR) or legislation already in place requiring the possibility to pay with a credit-/debit card could also be
a potential reason this solution has been chosen by some CPOs. In Germany it is for instance required by law that all
new charging stations build from June 2022 must accept credit-/debit card payments.

4.3 Technological perspective

There might be several different reasons from a technological point of view to why a CPO chooses different payment
solutions. This could for instance be related to the technology itself or technological development in general. A
rational for accepting payments via smartphone applications (universal/CPO-specific) or QR-code/web payment could
be due to potential in the technology for expanding business by developing new services that are accessible through
the application or on the website. Those services could for instance be paying for parking or the ability to book EV
charging spots in advance.

Third party companies offering roaming networks as a service lowers the cost and complexity of connecting MSPs to
CPOs and might therefore also be an argument accepting or investing in universal apps and RFID chips. Offering the
option to pay by using an app (universal or CPO-specific) might also be chosen due to the public viewing the
technology as modern. Further RFID chip (universal or CPO-specific) might be chosen based on the simplicity behind
the technology.

Choosing to accept credit-/debit card might be seen as a safe option from a technical perspective due to the
technology being well-proven and redundant as it has existed as a common payment solution in business-consumer
relationship for a long time. Meanwhile, the rationale for choosing to invest in Plug & charge as payment option could
be that the technology itself might be seen as the future as it offers fully automated experience, ease of use and can
potentially give a competitive advantage for CPOs offering this solution.

4.4 Financial perspective

When looking at potential reasons from a financial perspective, there are multiple arguments that relates to potential
revenue and/or cost. On the cost side it could be related to development, installation, and maintaining the solutions,
while on revenue side it can be linked to size of expected revenue and the risk regarding expected revenue.

The highest potential revenue will most likely be provided by universal payment solutions or ad-hoc solutions as they
can be viewed as more attractive, user-friendly and have a higher potential market reach. This might be a reason for
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choosing universal app, universal RFID chip, SMS payment, QR-code or card terminal. However, the basis for
choosing the CPO-specific payment solutions, either app or RFID chip, might be that these solutions is likely to
provide a more secure and constant revenue due to the “lock-in effect”. From a CPO’s perspective, saving money
from not renting credit-/debit card terminals might be a reason choosing all described payment solutions except
credit-/debit card itself. The cost of developing an app (universal or CPO-specific), RFID chip (universal or CPO-
specific) or QR-Code/web payment solution is viewed as relatively low, being an argument for investing in such
solutions.

Few market players to share revenue with might be a reason for choosing CPO-specific app, CPO-specific RFID chip,
or QR-code/webpage solutions. Compared to SMS payment and card terminal, relatively few market players might be
a reason for choosing universal app, universal RFID chip or Plug & charge as well. It should be mentioned that it
might be desirable from a CPQ'’s perspective to not depend on external parties for various reasons, not only financial.

4.5 User perspective

A user-friendly charging experience is vital for most EV drivers when choosing the preferred charging station [29],
and the user perspective should be considered when looking at CPOs potential reasons for choosing the different
payment solutions. The basis for choosing app, either CPO-specific or universal, might be the opportunity to gain
user information that can be useful to improve already existing services or develop new services. Which again might
result in increased customer loyalty by improving the user experience. Convenience is highly valued by EV drivers in
charging-settings, and a motivation for offering a universal app or universal RFID chip might be to provide the drivers
with a more convenient payment solutions compared to for instance CPO-specific app or RFID chip.

EV drivers have expressed that they appreciate the possibility to charge their car without having to complete any
registration in advance, especially when they are driving through areas they are not normally in (other regions, cross-
border), which is a potential reason for choosing payment by either SMS, QR-code or card terminal. When
considering user-friendliness, one might assume Plug & charge is chosen by some CPOs as it is perceived as very
user-friendly.

Digitalization is influencing today’s development in all market sectors, included EV charging marked, but not all EV
drivers are comfortable with digital payment solutions or technologies such as smartphones. From a CPO s
perspective, this might be motivation for choosing payment solutions that requires less digital competence, such as
RFID chip, card terminal, SMS and Plug & charge. Quality of internet access and tele network vary between locations,
and this might be reason for choosing payment solutions such as RFID chip, either CPO-specific or universal, or card
terminal, as the EV-user then is not dependent on internet access or telephone reception which is needed when
using an app or SMS.
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5 Influencing steering mechanisms

There are currently both proposed and implemented legislation expected to potentially impact the current situation in
Europe regarding charging infrastructure and associated payment solutions. Policies explored in this section are
presented by the European Commission and are deemed to impact all EU member states and countries within the
EEA. It is consequently essential to be familiar with when considering the potential for a common Nordic solution.
Only elements relevant for payment solutions for publicly accessibly EV charging will be considered and legislation
will not be explored in detail.

5.1 Intelligent Transport Systems (ITS): Summary of relevant steering
mechanisms for uniformity

The ITS Directive (2010/40/EU) by the European Union from 2010, is a directive to consolidate and unify initiatives
regarding Intelligent Transport Systems (ITS) in the EU member states, mostly regarding standardization of
frameworks and data exchange. In December 2021, a Directive amending the ITS Directive (2010/40/EU) was
published by The European Commission regarding the Framework for the Deployment of Intelligent Transport
Systems in the Field of Road Transport and for Interfaces with Other Modes of Transport [42]. The new directive
aims at addressing the lack of continuity and interoperability between ITS stakeholders and lack of overall data
transparency by advocating for the possibility of making ITS services mandatory in the EU, expanding the scope of
the original ITS Directive from 2010 [42].

The proposed directive generally examines the use of different types of data and what data that should be made
public between stakeholders, specifically for ITS services regarding road safety and road freight networks [42]. The
ITS directive also includes, to some extent, standardization of electronic payments and the interconnection between
vehicles and infrastructure [42]. This would imply that the directive would aim for a more uniform solutions and
standards in terms of data for electronic payments utilized at public EV charging stations. The very least, ITS would
aim to standardize the type of information shared, making it easier to connect solutions and services across borders
in EU member states.

ITS also states that the standardization of shared data and information should aim at helping EV drivers making
informed decisions by making information accessible and sharable [42]. The new directive indicates that EV drivers,
for example, should be able to get information about public charging rates and availability in a more standardized
manner [42].

5.2 Alternative Fuels Infrastructure Directive (AFID): Summary of relevant
steering mechanisms for uniformity

The purpose of AFID, Directive 2014/94/EU of the European Parliament and of the Council from 2014, is to establish
a Union-wide harmonized alternative fuels infrastructure [43] and aims to reduce the environmental impact from
transportation [43]. The directive presents minimum requirements for all member states regarding developing
infrastructure for different types of alternative fuels, where electricity is one of them. Article 4 cover the Electricity
supply for transport, where point 9 address the payment solutions for EV charging. The directive states that “All
recharging points accessible to the public shall also provide for the possibility for electric vehicle users to recharge on
an ad-hoc basis without entering into a contract with the electricity supplier or operator concerned” [43]. Reports
does, however, find that this requirement have been implemented in very diverse ways through EU [44].

5.3 Proposed Alternative Fuels Infrastructure Regulation (AFIR): Summary of
relevant steering mechanisms for uniformity

Market growth of low and zero-emission vehicles is highly needed for a sustainable future, and the European
Commission states that further EU action most likely is required to avoid todays recharging and refuelling
infrastructure to become a barrier for this development [2]. After evaluating The Alternative Fuels Infrastructure
Directive (AFID), The European Commission concluded that adjustments are required to secure that the policy
framework support the future climate ambitions [2]. One of the main weaknesses with today’s framework is the lack
of binding requirements for setting targets and adopting measures, and as a result the level of ambition and
supporting policies varies greatly between the member states [2]. Today’s recharging and refuelling infrastructure for
low- and zero-emission vehicles is unevenly distributed across the Union with no consistency and coherency and the
absence of a uniform and easy-to-use payment solution across the European countries is pointed out as one major
problem [2].
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Due to the limitations of today’s policy framework, the European commission have proposed a new regulation for the
deployment of alternative fuels infrastructure. The proposed regulation, Alternative Fuels Infrastructure Regulation
(AFIR), will repeal AFID when the proposal is approved. The proposal is part of the “Fit for 55” Package, which aim
to make EU achieve their ambition of reducing the greenhouse gas emissions with 55 percent from 1990 to 2030
[45].

AFIR aim to make it more convenient to travel with alternative fuel vehicles across EU and one of the regulation’s
three objectives is “Ensuring full user information and adequate payment options” [2]. To make sure drivers are not
met by any surprises anywhere in the EU, information regarding location, accessibility, prices, payments and
compatibility is necessary, and adequate payment options should ensure drivers always have a common and easy to
use payment option at hand [2].

When looking into steering mechanisms for uniformity of payment solutions, AFIR’s article 5 is essential, and second
section states that “Operators of recharging points shall, at the publicly accessible recharging points operated by
them, provide end users with the possibility to recharge their electric vehicle on an ad-hoc basis using a payment
instrument that is widely used in the Union” [2]. This applies to all publicly accessible recharging points that require
payment for the recharging service [2]. The regulation distinguishes between charging points with power output
below 50 kw and output equal to or more that 50 kw.

AFIR states that operators of recharging points with output less than 50 kW, must accept at least one of the three
following payment solutions:

1) Payment card readers
2) Devices with a contactless functionality that is at least able to read payment cards

3) Devices using an internet connection with which for instance a Quick Response code can be specifically
generated and used for the payment transaction

For chargers with output equal to or more than 50 kw, 3) is not an option, and the operators must accept 1)
payment card readers or 2) devices with a contactless functionality that is at least able to read payment cards [2].

Ensure that driver can use the automatic authentication and may either recharge their vehicle on an ad-hoc basis or
use another contract-based recharging solution offered at that recharging point [2].

5.4 Summary of relevant steering mechanisms for uniformity

All the mentioned steering mechanisms highlights the importance of mobility across the European countries, both for
people, businesses and the economy as a whole. ITS, AFID and the proposed AFIR aims to contribute to develop
more sustainable transportation across the Union, but while ITS mostly emphasis the safety, AFID and the proposed
AFIR draws the attention on the climate perspective.

ITS focus on data uniformity and standardization and aims to provide more easily integrated information interfaces
[42]. However, with regards to EV charging and the uniformity of payment solutions, AFID and the proposed AFIR
are the most directly relevant. They focus on the importance of being able to charge your car without entering a
contract with a charging service provider, i.e. ad-hoc payments. Proposed AFIR highlights even more the importance
of a user-friendly payment solution and increases the policy ambition compared to AFID, and at the same time
provide more clear requirements for CPOs and MSPs [2].
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6 Ongoing initiatives in the Nordic countries

All the Nordic countries have implemented initiatives supporting their ambition of a more sustainable transport
sector, including initiatives to encourage to buy and use EVs, but the focus on initiatives addressing payment
solutions have until now been limited or not existing. Charging service providers have consequently been able to
provide the solution with the greatest potential profit, easiest to develop or what they believed to be the future long-
term solution. As a result, there is no coherency or uniformity in terms of payment solutions for EV charging.

Ongoing initiatives regarding payment solutions in the Nordic countries have been identified for the Scandinavian
countries, but no initiatives have been discovered to the extent of this report for Finland or Iceland. Both payment-
oriented initiatives for specific Nordic countries as well as for the entire Nordics will be presented. The purpose of this
section is to get a picture of what the future might look like in regards of uniformity, and only initiatives, or part of
initiatives, focusing on payment solutions at public charging stations will be described.

6.1 Sweden

Two initiatives regarding payment solutions have been identified in Sweden, whereas the first consist of that the
former Minister of Energy have put together a group of market actors to initiate a uniform Swedish payment
standard. The second initiative are concerning a Swedish roaming platform.

A uniform Swedish payment standard

To address the fact that the Swedish public charging market’s payment solutions are fragmented and ununiform, the
current Minister of Energy in Sweden Anders Ygeman invited several market actors to a joint discussion in October
2020 [46]. The goal of the discussion was to agree on a common market strategy forward and the participating
actors - including The Swedish Energy Agency, Vattenfall, E.ON, The Swedish Transport Agency, Elbil Sverige among
others - was given the task to prepare a proposal until the next meeting that was held 6 months later [46].

The follow-up meeting resulted in some actions being taken in the right direction, but Anders Ygeman reported that
the progress is too slow [47]. Instead, Anders Ygeman presented the possibility to take legislative action and propose
a new common legislation in Sweden, even more so advocated the Swedish Minister of Energy a common EU
standard [47]. No legislation has yet to be proposed and as of November 2021, Sweden has a new Minister of
Energy.

Roaming initiative in Sweden

In terms of payment solutions in Sweden, there are currently a roaming initiative by GreenCharge that aims to set
one uniform industry standard for payments in terms of building a platform that lets MSPs, CPOs and other
stakeholder connect and utilize their platform [48]. GreenCharge have partnered up with the organization Elbil
Sverige and are currently presenting a charging card and app to be utilized cross-functional between connected
charging operator as a pilot project for their platform [49] [50]. GreenCharge have partnered up with the roaming
platform, Hubject, that is a joint venture of several well-known German car brands including Volkswagen Group and
BMW Group, aiming to reach interoperability between different markets [48]. There is yet little result to be presented
from the roaming initiatives and few updates have been made in the last year.

6.2 Norway
In Norway there are several initiatives ongoing but, related to payment solutions,

two initiatives have been explored further in this chapter. The first initiative is regarding a new National transport
plan by The Norwegian Ministry of Transport that identifies several alternatives to create a more uniform payment
experience for public EV charging meanwhile the second initiative concerns a universal RFID chip by The Norwegian
Electric Vehicle Association.

National transport plan 2022-2033

There are currently no governmental initiatives addressing payment solutions at publicly accessible charging point in
Norway, but The Norwegian Ministry of Transport proposed in March 2021 a transport plan with policies and priorities
until 2033 to the Norwegian Parliament. The overall objective is to contribute to an efficient, environmental-friendly,
and safe transport system by 2050 [51]. The transport plan points out today’s payment solutions for EV charging as
confusing and complicated, suggesting that being able to pay with a debit or a credit card could be a solution
(chapter 8, page 51) [51]. However, this is currently a recommendation from the Ministry of Transport and it is still
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not a requirement made by the Government. Based on suggestions in the transport plan, the Parliament have
requested the Norwegian Government to prepare a national charging strategy during 2022 [52]. This strategy should
ensure better coordination between public governments and aim to provide a user-friendly charging solution and
sufficient charging infrastructure throughout the country [52].

To follow up these requirements and acquire the necessary knowledge, the Norwegian Public Roads Administration
have, in collaboration with The Norwegian Environment Agency, recently written a report that will work as input
when working out this strategy. The report describes EV charging as confusing and unnecessary complicated, and
the lack of uniformity is pointed out as the main problem [53]. Different alternatives are identified to provide a more
user-friendly payment environment, including:

e  One payment solution across all CPOs, like payment terminals
e Payment solutions based on identification of the car, like Plug & charge
e  One customer interface across all CPOs, like roaming might provide

New charging chip introduced by The Norwegian Electric Vehicle Association

Members of The Norwegian Electric Vehicle Association have since 2014 been able to use the same charging chip for
an increasing number of CPOs [54]. However, the driver is required to register the chip before use for those CPOs
the driver would like to access.

The Norwegian Electric Vehicle Association have recently developed a new RFID chip, which will make the charging
process more convenient by enabling charging across operators without registration for the different operators in
advance [55]. With the new charging chip, the user needs to register debit/credit card details in The Norwegian
Electric Vehicle Association app called “Ladeklubben”. To start and stop the charging session, the driver can either
use the charging chip from The Norwegian Electric Vehicle Association or the collaborating operators app. As of
today, the collaborating operators in Norway are Recharge, Kople, Ionity and E.ON/Clever, but the ambition is to
further increase the collaborating network [56].

6.3 Denmark

In Denmark, one initiative related to payment solutions for EV charging have been identified and concerns a legal
proposition by the Danish government to promote ad-hoc payments.

New law regarding Alternative Fuels Infrastructure

Denmark have recently adopted a legislative proposal which address payment solutions at publicly accessible
charging points. The purpose of the new law is to ensure that Denmark'’s legislation help achieve today’s climate
ambitions and to meet the requirements stated by The Alternative Fuels Infrastructure Directive (AFID), described in
Chapter 5. [57]. Compared to former laws concerning this area, significant changes have been established and The
Danish Ministry of transport found it appropriate to propose a new law addressing alternative fuels infrastructure,
rather than making changes in the already existing [57].

The newly implemented law will not be described in detail. Payment options are addressed in Chapter 4 [57] and the
law intend to ensure EV-drivers a convenient payment solution, without having to enter a contract with a charging
service provider to pay for public charging. The law suggests that charging points placed on public areas or that have
been granted public subsidies, should accept electronic payment through terminals or other devices used for
payment services. Payment card readers with or without contactless function is mentioned as a minimum
requirement, but there are however some exceptions regulated, and operators making use of the exceptions should
provide payment solutions by supporting roaming.

6.4 All the Nordic countries

Governmental initiatives concerning all Nordic countries have been described earlier when exploring the European
Commission legislation in terms of ITS, AFID and AFIR. This section describes private initiatives related to the public
charging infrastructure and payment solutions that might impact all Nordic countries.

Common industry standard

CharIN (Charging Interface Initiative) is an initiative where over 250 different stakeholders in the EV industry have
come together to promote a common standard called Combined Charging System (CCS) [58]. The CharIN association
was established in 2015 by Audi, BMW, Daimler, Mennekes, Opel, Phoenix Contact, Porsche, TUV SUD and
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Volkswagen with the common ambition of making CCS the industry standard [59]. Since then, other industry
stakeholders have joined representing industries such as energy providers, grid operators, component suppliers,
CPOs and car manufacturers [58].

Visa joined the CharIN association in early 2022 and became the first financial partner [60]. The aim of Visa joining is
to provide a payment solution standard to CCS that promotes interoperability for customers and easy access, mainly
by offering contactless payments by card as a potential standard [60]. Visa, with their experience of payment
solutions overall, is considered useful and important to reach payment uniformity [61].
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7 Analysis

This chapter aims to analyse the eight identified payment solutions in terms of advantages and disadvantages a user,
a vendor and a uniformity perspective in accordance with Research objective e). The user perspective explores the
benefits and challenges with the different payment solutions affecting the EV-driver, vendor perspective is from a
CPO point of view, and uniformity perspective explores the potential for acting as a common Nordic solution. The
analysis is based on findings in this report, and it should be noted that all three perspectives are based on desktop
research and workshop with Swedish Energy Agency and Sopra Steria. Both user and vendor perspective should be
explored further with the relevant parties if it is decided to conduct future research.

In order to better understand the complexity as well as the advantages and disadvantages of the identified payment
solutions, each payment solution have been rated as being either “good”, “fair” or “poor” from each perspective. This
can be summarized in the following table meanwhile further explanation and reasoning behind the rating can be
found throughout the rest of this chapter.

Vendor Uniformity
User perspective perspective perspective
CPO-specific .
Fair Good Poor
app 00
Universal app Good Fair Good
CPO-specific .
RFID chip Fair Good Poor
Universal RFID . .
chip Fair Fair Good
Card terminal Good Poor Good
QR-code/web . .
payment Fair Fair Good
SMS payment Fair Fair Poor
Plug & charge Good Fair Poor

When looking at the advantages and disadvantages of the different payment solutions, universal apps, RFID chips,
QR-code/web payment as well as card terminal are the four payment solutions that has the best potential of
becoming a uniform solution for the Nordic countries. These options are therefore rated as “good” from a uniformity
perspective. One of the main arguments to this is that these solutions, from a technological perspective, have a
universal reach. Universal app and card terminal score slightly better than a universal RFID chip and QR-Code/web
payments from a user perspective. This is due to the potential in an app to create additional value-added services
such as possibility to view availability.

Payments through card terminal is viewed as more favourable from a user perspective as there is no sign-up required
and most EV users already have this means of payment available, therefore rated as “good”. From a vendor
perspective, card terminal is viewed as the least favourable, rated as “poor”. This is based on cost of renting
terminals, limited access to customer data and use of this, as well as the cost and complexity of installing card
terminals on already existing infrastructure.

7.1 CPO-specific app PERSPECTIVE  PERSPECTIVE  PERSPECTIVE
A CPO-specific app is rated as “fair” from a user perspective, “good” [_ ' ) [[_E’ D [_[j D
from a vendor perspective and “poor” from a uniformity perspective. FAIR 500D POOR
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7.1.1 User perspective

Using a CPO-specific app to pay for charging sessions might provide the user with several benefits. For instance, the
user might be offered other services in the app such as possibility to view availability of a charging station. When
using app as a payment solution, the driver can also be provided with a charging-log and accordingly have good
overview of costs related to all charging sessions. The possibility to start and stop a charging session remotely might
also be beneficial, for example in case of bad weather.

As the payment solution is provided by a CPO, users might be offered customer loyalty programs with for instance
discounts and other customer benefits that the user might find attractive. From a user perspective, CPO-specific app
might be favourable due to trust towards the CPO as many CPOs already have established a strong brand from
providing other services (i.e., gas stations and established energy companies).

Payment by app might also be viewed as a future oriented payment solution considering todays digital development.
However, all drivers may not prefer a digital solution, and the need for internet access, smartphone and digital
competence might be viewed as a disadvantage for app as a payment solution.

CPO-specific apps are among the reasons for why EV drivers are frustrated about today’s payment landscape, mainly
because EV-drivers report the need to download several apps to have access to enough charging stations. Further, it
is often required to sign-up before charging for the first time which can be time consuming and sharing of personal
data on several different platforms might in addition be viewed as a negative aspect of CPO-specific apps.

Variation in terms of both services provided and loyalty programs might result in considerable different user
experience across different apps which can be confusing for the user. In cases where more than one person usually
drives the care, it might be beneficial to be able to share an account between the drivers, this might however be
complicated or not even possible with an app as a payment solution.

7.1.2 Vendor perspective

From a vendor perspective, a CPO-specific app might be a relatively affordable payment solution, which is easy to
update and even expand if the CPO choose to include new services. Customer loyalty might secure the CPO with a
relatively predictable income, and customer data makes it possible to customize and improve their app based on the
drivers’ preferences and increase customer loyalty even further. A CPO-specific app requires limited or no
involvement from thirds parties and there is no need to share income with for example roaming platforms or MSPs.

If one or more CPOs introduce new services or improvements, others might need follow to be able to keep or expand
their customer base. This might result in a need to hire new competence and will be especially costly for smaller
actors. Further, as CPOs main focus is operating charging stations, there might potentially be a lack of focus and
investment in their own app, resulting in bad customer experiences and less customers overall.

7.1.3 Potential for uniformity

To provide a common Nordic solution for public EV charging, a CPO-specific app would require a monopoly for both
CPO and MSP across borders. Due to the negative consequences this solution will represent in terms of competition,
prices and services, a CPO-specific app will probably never be evaluated as a possible solution and is consequently
evaluated to not be compatible with uniformity.

7.2 Universal app USER VENDOR UNIFORMITY
PERSPECTIVE PERSPECTIVE PERSPECTIVE

A universal app is rated as “good” from a user perspective, “fair” from a [m | i [_ D m ]’j
vendor perspective and “good” from a uniformity perspective

GOOD FAIR GOOD

7.2.1 User perspective

A universal app as a payment solution represents some of the same benefits mentioned for a CPO-specific app,
including the possibility to start and stop a charging session remotely and the possibility of offering a wide range of
additional services. These services could for example be overview of charging sessions, check availability of and
option to reserve charging points. For universal apps, a major benefit is however the possibility to use the app across
more than one charging network and the EV driver can choose to use the preferred app with the greatest user
experience.

Some of the disadvantages mentioned for CPO-specific app are relevant for a universal app as well. This could be the
need for customer sign-up, internet access and digital competence and difficulties in terms of sharing an account
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among drivers. As a universal app might be delivered by a MSP not acting as a CPO, users might be charged more
for using a third-party payment solution.

7.2.2 Vendor perspective

Like mentioned for CPO-specific app, a universal app might be relatively affordable to develop, can be viewed as a
future-oriented solution and represents the possibility to collect and use customer data to improve and create
services. For universal apps, the work related to development and maintaining the solution can either be outsourced
to an MSP or provided by the CPO, based on whatever might be the most favourable solution. Another advantage of
having a universal app is a greater chance of gaining more customers as an extended network with more locations
can be attractive to a larger customer base than for instance a CPO-specific app.

As mentioned for user perspective, third parties might need to be involved when operating a universal app and in
addition share the income. This might also represent other challenges like cooperation and negotiation.

7.2.3 Potential for uniformity

A universal app as a payment solution for public EV charging is compatible with uniformity and one common Nordic
solution. A Universal app provide EV-drivers access to different charging networks with only one app, and it can be
possible to charge across all charging stations in the Nordic countries if made available and technology standardized.
A common Nordic solution might be provided by one or more MSPs, but since monopoly should be avoided from a
market perspective, more than one operator is preferred in order to create sufficient competition resulting in the best
solutions and competitive prices.

A universal app, though, is not considered ad-hoc and are therefore not entirely compatible with the decided and
proposed EU legislation on its own. To fulfil the legislation, universal apps would need to be complemented by an ad-
hoc payment solution.

7.3 CPO-specific RFID chip e i e
7.3.1 A CPO-specific RFID chip is rated as “fair” from a [_ D [M D [_[7 D
user perspective, “good” from a vendor perspective FAIR GooD POOR
and “poor” from a uniformity perspective. User
perspective

An RFID chip might be considered a user friendly and efficient payment solution as it is easy and quick to use. After
registration, there is no need for digital competence, internet access or a smartphone, and the chip can be easily
used as a payment solution by more than one driver. Similar to both app solutions, customer loyalty programs and
discounts can be provided to the user, but the data is not quite as accessible as for an app where information can be
stored and displayed. Some CPO-specific RFID chips require payment in advance where an amount must be
deposited when the chip is ordered.

A CPO-specific RFID chip represent some of the same challenges as a CPO-specific app. To access more than one
charging network, the driver needs several chips and is required to create several customer accounts. An RFID chip
must be obtained in advance and therefore require even more preparation before use compared to an app. Using an
RFID chip as a universal solution across borders would require all countries to agree and implement the same
solution.

RFID chips have been criticised from a security perspective since they are easy to copy. It also represents one
additional item to remember to bring and it might easily be lost, forgotten or stolen. RFID chips do not enable
additional services like real time data about available charging stations or the ability to remotely start and stop a
charging session.

7.3.2 Vendor perspective

From a vendor perspective, a CPO-specific RFID chip will provide the CPO with an overview of existing customer
base. Since most RFID chips needs to be ordered in advance and the driver is required to complete a registration
beforehand of charging, some degree of customer loyalty is likely to exist. However, compared to CPO-specific app,
where the customers might be provided with several services and rewards, customer loyalty is assumed to be
considerably lower for CPO-specific RFID chips.
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Like mentioned for CPO-specific app, CPO-specific RFID chips might be favourable from a vendor perspective since
there are few third parties to share the income with and RFID technology is viewed as relatively affordable to
develop. The security risk mentioned under user perspective due to the technology being easy to copy might,
however, be challenging to handle from a vendor perspective as well with unhappy customer if affected.

7.3.3 Potential for uniformity

To provide a common Nordic solution a CPO-specific RFID chip will, like described for CPO-specific app, require a
CPO monopoly across borders and this solution is consequently evaluated to not be compatible with uniformity.

7.4 Universal RFID chip USER VENDOR UNIFORMITY

PERSPECTIVE PERSPECTIVE PERSPECTIVE

A universal RFID chip is rated as “fair” from a user perspective, “fair” [_ | ) [_ D m D

from a vendor perspective and “good” from a uniformity perspective.

FAIR FAIR GOOD

7.4.1 User perspective

Like described for CPO-specific RFID chip, universal RFID chip as payment solution is efficient, easy to use, does not
require internet, smartphone nor digital competence given that registration is completed, and might be used by more
than one driver. Universal RFID chip does in addition provide the possibility to use the chip across more than one
charging network and the user can choose to only utilize their preferred chip.

Just as for the CPO-specific ones, Universal RFID chips needs to be ordered in advanced. It also requires that the
user sign-up and have an account at the RFID chip provider and some solution even requires that you sign up at
each CPO to be able to utilize the universal RFID chip. Charging rates might be expected to be higher for universal
chip than for CPO-specific, like how it might be for universal vs CPO-specific app, due to involvement of third parties.
Further, the RFID chip technology is quite easy to copy, and the chip can easily be lost or forgotten making it less
secure and somewhat inconvenient for the user. It is also difficult to utilize add-on services when paying with a RFID
chip, for example being unable to see any real-time overview of charging points or control charging sessions
remotely.

7.4.2 Vendor perspective

From a vendor perspective, universal RFID chips are considered a relatively cheap solution and quite stable operation
wise. However, there are some security risks as the RFID chip technology is easy to copy. It also requires an
organization that administers the RFID chips and staying in contact with third party actors. As mentioned under user
perspective, third parties might need to be involved, and in addition to shared income, this might represent other
challenges like cooperation and negotiation.

7.4.3 Potential for uniformity

In terms of uniformity, universal RFID chips are regarded as a potential solution since EV drivers can charge at
various networks as of today. There are regional differences between countries where some have established
universal RFID chip standards that works on most of the charging network within the country already, making it
potentially possible to extend these networks on a cross-country level. The Netherlands and Portugal have legislated
that all public charging must be connected to one national network already that supports a universal RFID chip
standard, showcasing that this can be conducted at the very least on national level.

A similar solution to the Netherlands and Portugal does not require one MSP or one universal RFID chip, but opens
for several actors, making it convenient for drivers choosing whichever chip that suits them the best. It could also
promote competitive charging rates between the different chips. However, if there are only one or few universal
RFID chip available, this could instead increase charging rate and implicate a less convenient user experience.
Universal RFID chips are not considered ad-hoc and choosing roaming as a uniform solution for the Nordic countries
are not entirely compatible with the decided and proposed EU legislation. This solution would therefore need to be
complemented by some sort of ad-hoc payment to be optimal in this perspective.

7.5 Ca I‘d tel‘minal USER VENDOR UNIFORMITY
PERSPECTIVE PERSPECTIVE PERSPECTIVE

Card terminals are rated as “good” from a user perspective, “poor” from m D {[_j D [m D

a vendor perspective and “good” from a uniformity perspective.

GOOD POOR GOOD
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7.5.1 User perspective

Card terminal is an efficient and easy- to-use payment solution that is the gold standard for payments in general.
Given that an EV driver has a debit or credit card, there is no need to sign up to make a customer account or any
other preparations, which makes it convenient to pay for charging when traveling with an EV across borders.

From a user perspective, card terminals do not require any internet access, smartphone or digital competence,
neither in advance nor during the charging session. Further, as there is no need to sign-up to charge, less personal
data is shared with the CPO or MSP which can be viewed as positive.

Using a card terminal as payment solution for EV charging will add another actor to the process, similar to the
situation with the universal app and the universal RFID chip. This is likely to result in higher charging prices for EV-
drivers compared to CPO-specific solutions and may even result in fewer charging stations being built. Drivers are not
provided with any additional services related to EV driving or real time data about charging stations and cannot start
and stop their charging sessions remotely.

7.5.2 Vendor perspective

Since payment by card is so widespread as a payment solution today, this might provide a potential expansion of the
customer base compared to most other payment solutions. However, since there is no lock-in effect, the income
might be less predictable compared to payment solutions with different degrees of lock-in effect. Card payments also
provide less personal data and detailed customer insight in comparison to payment solutions that requires customers
to have an account, which reduces the opportunity to create additional services.

As previously described, card terminal is likely the most expensive choice for the CPO compared to most other
described solutions. This cost is related to the terminal itself (monthly fee or upfront investment plus installation cost)
but also transaction fees. Offering card terminal as a payment solution in a market where payment by app and other
digital solutions have been available, might be seen as reversing the technological development, and therefore not be
viewed as a forward-thinking market player.

7.5.3 Potential for uniformity

Card terminal is already widespread as a payment solution in other markets than EV charging and is seen as a
common Nordic solution in those markets. When considering uniformity and the potential to act as a common Nordic
solution for EV charging, ongoing and future initiatives and legislation must be taken into consideration. Since card
terminals already is proposed as payment solution in newly implemented and proposed legislation on both national
and EU level, card terminal is likely to be implemented to some degree and has the potential to become a common
Nordic solution for EV charging. Countries like Germany and Denmark have already taken legislative action to make
card terminals a widespread payment solution for EV charging.

7.6 QR-COdelweb payments USER VENDOR UNIFORMITY

PERSPECTIVE PERSPECTIVE PERSPECTIVE
QR-code/web payments are rated as “fair” from a user perspective, [— D [' D [m D
“fair” from a vendor perspective and “good” from a uniformity
perspective FAIR FAIR GOOD

7.6.1 User perspective

From a user perspective, QR-code or other web-based payment solutions does not require any prior sign-up and
might be considered as an ad-hoc payment solution. As long as the available payment options are widely recognized
and utilized, it could be seen as an efficient and user-friendly payment solution. Further, these types of web
payments could refer to a wide array of different payment options, including locally established varieties, such as
Swish and Vipps, as well as global options, such as PayPal, Apple and Google pay. However, utilizing QR-code and
web payments could potentially lead to higher rates than other payment options due to involvement of third parties.

Equally to app as a payment solution, QR-codes and web payments require a smart phone and internet services,
which does not make it ideal in rural areas with less stable internet connection. Further, this solution obliges some
digital competence, and that the customer are capable of digital payments. It could also be considered time
consuming and not as user-friendly to utilize QR-codes and web payments, since no information is stored in a user
account and requires the user to repeat their payment details each time. Dependent on the user interface, this
experience could vary greatly, especially as non-digital QR-codes can easily be broken.
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7.6.2 Vendor perspective

Like utilizing an app, a vendor can easily collect and use customer data to adjust and further develop their services
for QR-codes and web payments. However, the lack of customer accounts could make it more difficult in finding
patterns and localize the most lucrative target group as well as being unable to communicate offers and campaign
material.

From a vendor perspective QR-codes and web payments could, though, be seen as a quite cheap and scalable
solutions as it is based on software. It should be easy to add supporting services in the future and update the
available payment methods to match the current demand. The lack of customer account and logging would also
decrease the amount of needed data storage.

7.6.3 Potential for uniformity

In terms of QR-codes and web payments being a potential common Nordic payment solution, it could be considered
reasonable as long as drivers have smartphones with Internet access throughout the Nordics. As mentioned, it would
also require that available payment options are accessible for all nationalities — either by offering a wide range of
different regional or non-regional payment options, or by supporting card payments or equivalent. QR-codes and web
payments are seen as an ad-hoc solution, which is compatible with the proposed and determined EU legislation.

7.7 SMS payments USER VENDOR UNIFORMITY
PERSPECTIVE PERSPECTIVE PERSPECTIVE

SMS payments are rated as “fair” from a user perspective, “fair” from a l D [' D [-[7 D

vendor perspective and “poor” from a uniformity perspective. P p— -

7.7.1 User perspective

By utilizing SMS as payment option, a user can start and stop a charging session remotely without signing up or
create a customer account. SMS payments does not require any smartphone nor any advanced digital competence,
however it requires cell reception and knowledge of sending text messages. The charging rates for SMS payments
are often higher than for corresponding payment solutions at the same charging station. It could also be difficult for
users to keep track of their charging expenses as the amount is charged periodically on the telephone bill. There is
also no real-time overview and supporting services that give the user remote insight of the charging.

In the countries where SMS payments are used for EV charging, the local legislation and requirements seems to vary
so that some operators require the customer to sign up before being able to utilize SMS payments for charging. From
a user perspective, this solution therefore differs between countries and there might be challenging with foreign
phone numbers and operators.

7.7.2 Vendor perspective

From a vendor perspective, SMS payments utilize the phone operator’s payment infrastructure and process, and
there is relatively little need in setting up surrounding payment process, such as customer invoicing. This does,
however, require close cooperation with different phone operators and could be quite expensive for vendors as they
utilize the operators’ services, resulting in potentially thinner margins.

There is also little customer insight when utilizing SMS payments and it could be difficult to vendors to get to know
their customers to develop relevant additional services. Vendors are also very dependent on the services of phone
operators and might have limited power in for example price negotiations.

7.7.3 Potential for uniformity

In terms of SMS payments being a potential uniform solution in the Nordic countries, it could be a disadvantage that
the payment solution is not yet implemented in a majority of the countries. There could also be local regulation
regarding phone payments that could make it difficult to make one uniform solution. The current implemented
solutions in Sweden, Norway, Denmark and Finland does not seem to support foreign SMS payments, making it quite
difficult to make it a current solution at the present stage. However, it might be impossible to develop a solution that
supports all the Nordic countries in the future.
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7.8 Plug & charge USER VENDOR UNIFORMITY

PERSPECTIVE PERSPECTIVE PERSPECTIVE
Plug & charge is rated as “good” from a user perspective, “fair” from a [mjj [‘ D [I'j D
vendor perspective and “poor” from a uniformity perspective.
GOOD FAIR POOR

7.8.1 User perspective

Plug & charge are regarded as a very user-friendly solution since the entire user experience is mostly automized after
signing up. Unlike all other described payment solutions, there is no need for manually starting or stopping the
charging session and car manufacturer can secure that the charging is optimized for better battery longevity. The
current Plug & charge solution are often heavily integrated with the car user face which makes it easy for several
user utilizing the same charging account as well as there are additional services integrated. Those services could for
instance be that the charging station availability is integrated in the cars navigation system and charging capacity
could be integrated in route planning.

However, Plug & charge requires customer sign-up and are not considered ad-hoc. There are currently different Plug
& charge standards that potentially makes it difficult to find available charging stations and it is only available for
specific car brands and models at designated charging stations.

7.8.2 Vendor perspective

From a vendor perspective, Plug & charge is a very technical solution that is quite expensive. It could be seen as
more of a future-oriented investment since many predicts that the automation technology utilized will be more
integrated in all types of future charging stations. These investments are often done in fully or partly by car
manufacturers why the available solutions today often are car branded. From a car manufacturer perspective, this is
further possibility to profit from the EV value chain.

Plug & charge is by EU not considered public charging as it does not support either ad-hoc payments or the majority
of EVs. This could, short term, be advantageous as they are not required to support the legislated or proposed
standards related to ITS, AFIR and AFID. However, there could be long term difficulties if the market is further
regulated and require Plug & charge to conform to current standards. There also seems to be regional differences
how Plug & charge are considered which could make for challenging legal interpretations. There are CPOs that offer
Plug & charge as an option among other payment solutions and these are, by EU definition, considered as public
charging points.

7.8.3 Potential for uniformity

Plug & charges as a potential uniform Nordic solution would require support for all car types and models. There is no
such solution available yet, and it is reasonable to assume that this type of Plug & charge will take a while to
implement and established. Current solutions are working well for travelling abroad and does only require one
customer account regardless of market, which makes it a potential solution for uniformity in the future but not as of
today.

It is also difficult to predict how legislation will affect Plug & charge in the future as it is currently not considered
public charging by the EU and many of its member states. One could interpret that the proposed AFIR legislation will
require that all Plug & charge charging stations must support ad-hoc payments in the future.
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8 Conclusion

The work with this report has confirmed the initial impression of a fragmented market for payment solutions at
charging points, both in the Nordic countries and in the European countries included in the report. Eight different
payment solutions have been identified and included in the report. An observation is that the fragmentation is not
just between payment solutions but also within solutions since it may be necessary not just to have one app for
payments but rather five or ten. The same is seen for RFID chips where each CPO may have their own chip that can
be used only at their stations. Portugal and the Netherlands differ in this respect since they have instigated laws that
require CPOs to connect to a universal app, so called roaming. The app still requires registration and cannot be
considered a uniform, ad hoc payment solution although it has some universal features.

Among the Nordic Countries, identified initiatives to harmonize payment solutions on a national level are present in
Sweden, Denmark and Norway. As with the proposed and legislated regulations from EU — AFIR and AFID — the
identified Nordic initiatives also seem to focus on ad-hoc solutions advocating for the use of card terminals and QR-
code/web payments. Norway, on the other hand, has an ongoing initiative by the Norwegian Electric Vehicle
Association to create a universal chip potentially connecting all CPOs in Norway, like the legislated roaming in
Portugal and The Netherlands. Similar roaming initiatives have also been identified in Sweden, but at a much smaller
scale and at a lesser potential geographical range.

There may be several reasons why a CPO chose a certain payment solution, but uniformity does not appear to be a
driving force behind the choice. Card terminals, including costs associated with card payment, are considered
expensive and are present only to a low extent on the markets included in the report. Other solutions such as apps
or RFID chips are cheaper and can provide benefits that are not related to the payment itself. Apps in particular offer
the potential to harvest useful data related to charging and create add-on services such as availability of charging
space, remote start-and-stop of a charging session and follow up of costs. A customer lock-in effect can also be a
reason why a CPO would choose an app or an RFID tag.

Card payment has an outstanding potential for universal payment of EV charging as it is the global standard for
monetary transactions, not just within the transportation or EV charging sector. It is also the solution that is included
in the proposed AFIR regulation. However, the untapped potential in the value-added services offered through the
other solutions should be balanced against the need for a uniform payment solution and several solutions may need
to coexist to reach the full potential in EV charging. This implies that a mix of payment solutions may present the
best alternative to not only enable easy payment of EV charging today but also capture the full potential of a data
driven future.

35



References

[1] "CPOs, eMSPs, and CSPs," everon, 12 August 2020. [Online]. Available: https://everon.io/resources/cpos-
emsps-and-csps. [Accessed 24 02 2022].

[2] E. COMMISSION, "REGULATION OF THE EUROPEAN PARLIAMENT AND OF THE COUNCIL on the deployment of
alternative fuels infrastructure, and repealing Directive," 14 Juli 2021. [Online]. Available:
https://ec.europa.eu/info/sites/default/files/revision_of _the_directive_on_deployment_of the_alternative_fuels_
infrastructure_with_annex_0.pdf. [Accessed 23 02 2022].

[3] "What is the role of an EMSP?," GreenFlux, 5 8 2021. [Online]. Available: https://www.greenflux.com/what-is-
the-role-of-an-emsp/. [Accessed 10 03 2022].

[4] "The two sides of EV charging network operators," Virta, 29 4 2019. [Online]. Available:
https://www.virta.global/blog/the-two-sides-of-ev-charging-network-operators. [Accessed 14 03 2022].

[5] "CPOs, eMSPs, and CSPs," everon, 12 8 2020. [Online]. Available: https://everon.io/resources/cpos-emsps-and-
csps. [Accessed 15 03 2022].

[6] P. Paulraj, "CHARGING BASICS 103: Know the differences between EV Charging station, Charge point & Charge
outlet | An analogy with Gas station," emobilitysimplified, 11 11 2019. [Online]. Available:
https://www.emobilitysimplified.com/2019/11/ev-charging-station-chargepoint-outlet-differences.html.
[Accessed 15 03 2022].

[7] "Anatomy of a charging pool for electric vehicles," Chargemap, 23 Oktober 2020. [Online]. Available:
https://blog.chargemap.com/anatomy-of-a-charging-pool-electric-vehicles/. [Accessed 25 02 2022].

[8] European Alternative Fuels Observatory, "European Union," European Alternative Fuels Observatory, 2021.
[Online]. Available: https://www.eafo.eu/countries/european-union/23640/summary. [Accessed 22 03 2022].

[9] "Kunnskapsgrunnlag om," Miljg direktoratet og Statens vegvesen, 1 3 2022. [Online]. Available:
https://www.regjeringen.no/contentassets/a07ef2d3142344989dfddc75f5a92365/kunnskapsgrunnlag_1mars.pdf
. [Accessed 20 03 2022].

[1 Hubject, [Online]. Available: https://www.hubject.com/. [Accessed 10 03 2022].
0]

[1 "DIRECTIVE 2014/94/EU OF THE EUROPEAN PARLIAMENT AND OF THE COUNCIL of 22 October 2014 on the
1] deployment of alternative fuels infrastructure," [Online]. Available: https://eur-lex.europa.eu/legal-
content/EN/TXT/HTML/?uri=CELEX:32014L0094&from=en#d1e959-1-1.

[1 "charge.direct Scan, charge, pay," Chargecloud, [Online]. Available:
2] https://www.chargecloud.de/en/services/direct-payment/. [Accessed 07 03 2022].

[1 "Ladebrikke — hvorfor og hvordan," [Online]. Available: https://newmotion.com/no-no/landing/shell-recharge-
3] ladebrikke. [Accessed 21 03 2022].

[1 "bttps://www.circlek.no/elbillading/ladestasjoner/sporsmal-om-ladebrikke," Circle K, [Online]. Available:
4] https://www.circlek.no/elbillading/ladestasjoner/sporsmal-om-ladebrikke. [Accessed 21 03 2022].

[1 CircleK, "Ladebrikke — hvorfor og hvordan," CircleK, [Online]. Available:
5] https://www.circlek.no/elbillading/ladestasjoner/sporsmal-om-ladebrikke. [Accessed 11 03 2022].

36



Ionity, "DIRECT ACCESS & PAYMENT," Ionity, 2022. [Online]. Available: https://ionity.eu/en/access-and-
payment.html. [Accessed 05 04 2022].

"Ladeveiledning," Kople, [Online]. Available: https://www.kople.no/veiledning. [Accessed 21 03 2022].

"How can I charge via the smartphone app: step-by-step," Ionity, [Online]. Available:
https://support.ionity.eu/en/all-about-the-new-ionity-app/how-can-i-charge-via-the-smartphone-app-step-by-
step. [Accessed 21 03 2022].

E.ON, "1,600 public charging spots with electricity from renewable energy sources," E.ON, [Online]. Available:
https://www.eon.dk/in-english/charge-on-the-go.html. [Accessed 04 04 2022].

[Online]. Available:
https://v1.hdfcbank.com/smarthub/blog/HDFC_bank_smartHub_dynamic_and_static_ QR_codes.html.

"Adhoc charging for EV drivers," Shell Recharge, [Online]. Available: https://shellrecharge.com/en-
gb/solutions/support/fag/ad-hoc-charging. [Accessed 21 03 2022].

Recharge, "Hur laddar man med Recharge?," Recharge, [Online]. Available: https://rechargeinfra.com/sv/hur-
ladda-elbilen/. [Accessed 11 03 2022].

"Ladeguide," mer, [Online]. Available: https://no.mer.eco/hvordan-lader-jeg/. [Accessed 15 03 2022].

M. VALLE, "Alt du trenger & vite om hurtiglading av elbil," TU, 31 08 2018. [Online]. Available:
https://www.tu.no/artikler/alt-du-trenger-a-vite-om-hurtiglading-av-elbil/443919. [Accessed 15 03 2022].

"How can I charge at Fastned?," Fastned, [Online]. Available: https://support.fastned.nl/hc/en-
gb/articles/205419217-How-can-I-charge-at-Fastned-. [Accessed 15 03 2022].

Virta, "The new standard for EV charging: ISO15118 Plug&Charge," Virta, 23 12 2021. [Online]. Available:
https://www.virta.global/blog/iso15118-plug-and-charge. [Accessed 11 03 2022].

A. Fritz, "Surge in new registrations for EVs in Europe," VDA: Verband der Automobilindustrie, 2021. [Online].
Available: https://www.vda.de/en/Topics/electromobility/market-developments-europe-international. [Accessed
14 02 2022].

Mer, "Public EV Charging: Best Practices In Northern Europe,” Mer, 14 10 2021. [Online]. Available:
https://uk.mer.eco/news/public-ev-charging-best-practices-in-northern-europe/. [Accessed 23 03 2022].

Statens vegvesen, "Kunnskapsgrunnlag om hurtigladeinfrastruktur for veitransport,” Statens vegvesen, 01 03
2022. [Online]. Available:
https://www.regjeringen.no/contentassets/a07ef2d3142344989dfddc75f5a92365/kunnskapsgrunnlag_1mars.pdf
. [Accessed 25 03 2022].

Huseierne, "Elbil-lading i borettslag og sameier," Huseierne, 2021. [Online]. Available:
https://www.huseierne.no/alt-om-bolig/sameier-og-borettslag/eierseksjoner/lading-av-el-bil-i-sameier/.
[Accessed 04 04 2022].

K. f. g. 0. a. personbiler, "Veje til en veludbygget ladeinfrastruktur," Kommissionen for grgn omstilling af

personbiler, 02 2022. [Online]. Available: https://fm.dk/media/18388/delrapport-2_veje-til-en-veludbygget-
ladeinfrastruktur_web.pdf. [Accessed 25 03 2022].

37



(3
2]

(3
8]

(3
9]

[4
3]

[4

[Online]. Available:
https://www.regjeringen.no/contentassets/a07ef2d3142344989dfddc75f5a92365/kunnskapsgrunnlag_1mars.pdf

"NAFs laderapport 2021: Skal alle med — m3 noe skje," NAF, 2021. [Online]. Available:
https://res.cloudinary.com/nafmedier/image/upload/v1625087243/Elbil/Rapporter/NAF_Laderapport_2021.pdf.
[Accessed 29 03 2022].

E.-. 0. F. Transportministeriet og Klima-, "ANALYSE AF PRISSTRUKTUR FOR OFFENTLIGT TILGANGELIGE
LADESTANDERE," Transportministeriet og Klima-, Energi- og Forsyningsministeriet, 06 2021. [Online]. Available:
https://www.trm.dk/media/yy0lj1q0/analyse-af-prisstruktur-for-offentligt-tilgaengelige-ladestandere-final-a. pdf.
[Accessed 25 03 2022].

evRoaming4EU, "Status for Denmark," evRoaming4EU, 20 04 2020. [Online]. Available: https://www.enio-
management.com/wp-content/uploads/5_evRoaming4EU_Danish_Pilots_Vienna_20-04-2020.pdf. [Accessed 25
03 2022].

Electrek, "Germany requires all gas stations to provide EV charging," Electrek, 04 06 2020. [Online]. Available:
https://electrek.co/2020/06/04/germany-requires-all-gas-stations-to-provide-ev-charging/. [Accessed 28 03
2022].

K. Appunn, "New EV chargers in Germany must be equipped with debit/credit card readers," Clean Energy Wire,
17 09 2021. [Online]. Available: https://www.cleanenergywire.org/news/new-ev-chargers-germany-must-be-
equipped-debit-credit-card-readers. [Accessed 15 02 2022].

Last Mile Solution, "Holiday guide — charging in Europe," Last Mile Solution, 2021. [Online]. Available:
https://www.lastmilesolutions.com/news/holiday-guide-charging-in-europe/. [Accessed 28 03 2022].

S. Kaser, "France Needs More Charge Points for Growing EV fleet," P3, 01 02 2022. [Online]. Available:
https://www.autonomy.paris/en/france-needs-more-charge-points-for-growing-ev-fleet/. [Accessed 28 03
2022].

NKL, "Price Transparency Benchmark," NKL, 06 2021. [Online]. Available: https://nkinederland.nl/wp-
content/uploads/2021/12/Price-transparency_EN.pdf. [Accessed 28 03 2022].

EnergyCities, "MOBL.E — E-Mobility Network," EnergyCities, 2016. [Online]. Available: https://energy-
cities.eu/best-practice/mobi-e-e-mobility-network/. [Accessed 18 02 2022].

E. Commision, "DIRECTIVE OF THE EUROPEAN PARLIAMENT AND OF THE COUNCIL amending Directive
2010/40/EU on the framework for the deployment of Intelligent Transport Systems in the field of road transport
and for interfaces with other modes of transport," The European Union, 14 12 2021. [Online]. Available:
https://eur-lex.europa.eu/legal-content/EN/TXT/HTML/?uri=CELEX:52021PC0813&from=EN. [Accessed 22 02
2022].

C. o. t. E. U. European Parliament, "DIRECTIVE 2014/94/EU OF THE EUROPEAN PARLIAMENT AND OF THE
COUNCIL of 22 October 2014 on the deployment of alternative fuels infrastructure,”" 22 10 2014. [Online].
Available: https://eur-lex.europa.eu/legal-content/EN/TXT/HTML/?uri=CELEX:32014L0094&from=en#d1e959-1-
1. [Accessed 23 02 2022].

"Infrastructure for charging electric vehicles," European court of auditors, [Online]. Available:

https://www.eca.europa.eu/Lists/ECADocuments/SR21_05/SR_Electrical_charging_infrastructure_EN.pdf.
[Accessed 06 04 2022].

38



N. Government, "Regjeringen.no," 16 November 2021. [Online]. Available:
https://www.regjeringen.no/no/tema/klima-og-miljo/innsiktsartikler-klima-miljo/eus-klimapakke-klar-for-
55/id2887217/. [Accessed 23 02 2022].

L. Hedin, "Branschen ska ta fram enhetlig betallosning for laddning — annars vantar lagkrav," Elbilen.se, 05 10
2020. [Online]. Available: https://elbilen.se/nyheter/branschen-ska-ta-fram-enhetlig-betallosning-for-laddning-
annars-vantar-lagkrav/. [Accessed 28 04 2022].

K. Rask, "Energiminster Anders Ygeman 6vervager lagstifta enklare betalning av elbilsladdning," Allt om Elbil, 30
08 2021. [Online]. Available: https://alltomelbil.se/energiminster-anders-ygeman-overvager-lagstifta-enklare-
betalning-av-elbilsladdning/. [Accessed 28 04 2022].

GreenCharge, "Roaming," GreenCharge, 2020. [Online]. Available: https://greencharge.io/roaming/. [Accessed
03 03 2022].

E. Sverige, "Elbilsforare trotta pd ladd-kaos. Nu ska en gemensam I6sning fram!," Elbil Sverige, 2020. [Online].
Available: https://www.elbilsverige.se/2020/08/24/elbilsforare-trotta-pa-ladd-kaos-nu-ska-en-gemensam-
losning-fram/. [Accessed 03 03 2022].

E. Sverige, "Vill du bli en av de forsta 50 piloterna att testa Elfordon Sveriges laddkort och App," Elbil Sverige,
[Online]. Available: https://elbilsverige.telme.se/. [Accessed 03 03 2022].

T.-. 0. kommunikasjonskomiteen, "Innst. 653 S (2020-2021) Innstilling til Stortinget fra transport- og
kommunikasjonskomiteen Meld. St. 20 (2020-2021)," [Online]. Available:
https://stortinget.no/globalassets/pdf/innstillinger/stortinget/2020-2021/inns-202021-653s.pdf. [Accessed 28 02
2022].

N. t. 2022-2033, Stortinget, [Online]. Available: https://www.stortinget.no/no/Saker-og-
publikasjoner/Vedtak/Vedtak/Sak/?p=83145. [Accessed 28 02 2022].

[Online]. Available:
https://www.regjeringen.no/contentassets/a07ef2d3142344989dfddc75f5a92365/kunnskapsgrunnlag_1mars.pdf
"Raskere og enklere — Elbilforeningens svarte ladebrikke," Norsk Elbilforening, [Online]. Available:

https://elbil.no/medlemsfordeler/elbilforeningens-ladebrikke/. [Accessed 04 03 2022].

"Enkel lading med Ladeklubben," Norsk Elbilforening, [Online]. Available: https://elbil.no/lading/. [Accessed 04
03 2022].

"Enkel lading med ladeklubben," Norsk elbilforening, [Online]. Available: https://elbil.no/lading/. [Accessed 04
04 2022].

"Lov om infrastruktur for alternative drivmidler til transport," Folketinget, [Online]. Available:
https://www.ft.dk/ripdf/samling/20211/lovforslag/I112/20211_1112_som_fremsat.pdf. [Accessed 04 04 2022].

CharIN, "Empowering the next level of e-mobility.," CharIN, 2022. [Online]. Available:
https://www.charin.global/. [Accessed 04 03 2022].

G. C. Congress, "ABB joins CharIN; taking Combined Charging System to the next level; 150 kW demos,

targeting 350 kW," Green Car Congress, 22 11 2015. [Online]. Available:
https://www.greencarcongress.com/2015/11/20151122-charin.html. [Accessed 03 03 2022].

39



[6
0]

[6
6]

[6

[6
8]

[7
2]

[7
3]

[7

CharlN, "Visa calls for standardised seamless, interoperable payments in electric vehicle charging," CharlN,
2022. [Online]. Available: https://www.charin.global/news/visa-calls-for-standardised-seamless-interoperable-
payments-in-electric-vehicle-charging/. [Accessed 03 03 2022].

Elbil Sverige, "Visa-kortet vill ha enklare betalning av elbilsladdning — det tackar vi for!," Elbil Sverige, 2022.
[Online]. Available: https://www.elbilsverige.se/2022/02/11/visa-kortet-vill-ha-enklare-betalning-av-
elbilsladdning-det-tackar-vi-for/. [Accessed 03 03 2022].

C. W. J. B. M. O. Markus Hagenmaier, "Winning the Battle in the EV Charging Ecosystem," BCG, 21 04 2021.
[Online]. Available: https://www.bcg.com/publications/2021/the-evolution-of-charging-infrastructures-for-
electric-vehicles. [Accessed 29 03 2022].

ACEA, "2021 progress report: Making the transition to zero-emission mobility," ACEA, 2021. [Online]. Available:
https://www.acea.auto/files/ACEA_progress_report_2021.pdf. [Accessed 04 04 2022].

Y. NEWS, "Electric vehicle charging network set to expand quickly," YLE NEWS, 03 05 2021. [Online]. Available:
https://yle.fi/news/3-11911996. [Accessed 17 02 2022].

C. Martin, "France launches €100 million funding programme for electric vehicle fast charging," Etis, 15 02 2021.
[Online]. Available: https://www.eltis.org/in-brief/news/france-launches-eu100-million-funding-programme-
electric-vehicle-fast-charging. [Accessed 18 02 2022].

C. Bauer-Babef, "Electric vehicles sales in France tripled in past two years," Euractiv, 23 Juli 2021. [Online].
Available: https://www.euractiv.com/section/electric-cars/news/electric-vehicles-sales-in-france-tripled-in-past-
two-years/. [Accessed 18 02 2022].

NKL, "Over elektrisch vervoer," NKL, 2021. [Online]. Available: https://nkinederland.nl/elektrisch-vervoer-in-
nederland/. [Accessed 28 03 2022].

P. Nikolov, "The Full Guide to EV and EV charging incentives in the Netherlands," AMPECO, 02 07 2021.
[Online]. Available: https://www.ampeco.com/blog/ev-and-ev-charging-incentives-in-the-netherlands/.
[Accessed 18 02 2022].

VDA, "Charging network ranking for Europe," VDA: Verband der Automobilindustrie, 2021. [Online]. Available:
https://www.vda.de/en/Topics/electromobility/ladenetze/Charging-infrastructure-EU. [Accessed 14 02 2022].

OFV, "2021 was the record year for new car registrations," OFV, 03 01 2022. [Online]. Available:
https://ofv.no/produktinfo/2021-was-the-record-year-for-new-car-registrations. [Accessed 15 02 2022].

EuroNews, "Sales of electric cars and plug-in hybrids break records in Denmark," EuroNews, 04 01 2022.
[Online]. Available: https://www.euronews.com/next/2022/01/04/sales-of-electric-cars-and-plug-in-hybrids-
break-records-in-denmark. [Accessed 17 02 2022].

EVBox, "EVBox and ON Power electrify Reykjavik," EVBox, [Online]. Available: https://evbox.com/en/success-
stories/on-power. [Accessed 18 02 2022].

Trafikverket, "Ans6k om bidrag till snabbladdningsstationer for elfordon," Trafikverket, 09 12 2021. [Online].
Available: https://www.trafikverket.se/tjanster/ansok-om/ansok-om-bidrag/ansok-om-bidrag-till-
snabbladdningsstationer-for-elfordon/. [Accessed 02 03 2022].

Miljofordon.se, "Bonus-malus," Miljéfordon.se, 20 08 2021. [Online]. Available:
https://www.miljofordon.se/ekonomi/bonus-malus/. [Accessed 03 03 2022].

40



Council of the European Union, "Fit for 55," [Online]. Available:
https://www.consilium.europa.eu/en/policies/green-deal/eu-plan-for-a-green-transition/.

European Commission, "A European Strategy for low-emission mobility," [Online]. Available:
https://ec.europa.eu/commission/presscorner/detail/nl/MEMO_16_2497.

EY, "Power sector accelerating e-mobility," [Online]. Available: https://assets.ey.com/content/dam/ey-sites/ey-
com/en_gl/topics/power-and-utilities/power-and-utilities-pdf/power-sector-accelerating-e-mobility-2022-ey-and-
eurelectric-report.pdf.

The Climate Group, "EV100 Progress and Insights Report 2021," The Climate Group, 17 02 2022. [Online].
Available: https://www.theclimategroup.org/ev100-annual-report-2021. [Accessed 04 03 2022].

IEA, "Trends and developments in electric vehicle markets," IEA, 2021. [Online]. Available:
https://www.iea.org/reports/global-ev-outlook-2021/trends-and-developments-in-electric-vehicle-
markets#deployment-of-vehicle-charging-infrastructure. [Accessed 04 03 2022].

IEA, "Electricity demand from the global EV fleet by country/region, 2030," IEA, 21 04 2021. [Online]. Available:
https://www.iea.org/data-and-statistics/charts/electricity-demand-from-the-global-ev-fleet-by-country-region-
2030. [Accessed 04 03 2022].

European Federation for Transport and Environment, "Transport & Environment," European Federation for
Transport and Environment, 2020. [Online]. Available: https://www.transportenvironment.org/wp-
content/uploads/2021/07/01%?202020%20Draft%20TE%?20Infrastructure%20Report%?20Final.pdf. [Accessed
04 03 2022].

European Court of Auditors, "Infrastructure for charging electric vehicles: more charging stations but uneven
deployment makes travel across the EU complicated," European Court of Auditors, 2021. [Online]. Available:
https://www.eca.europa.eu/Lists/ECADocuments/SR21_05/SR_Electrical_charging_infrastructure_EN.pdf.
[Accessed 04 03 2022].

"Udkast til forslag til Lov om infrastruktur for alternative drivmidler til transport," 5 7 2021. [Online]. Available:
https://prodstoragehoeringspo.blob.core.windows.net/b0c79a7e-593e-4c5e-8c6b-
6de81b1a877c/Udkast%20til%?20forslag%20til%20lov%200m%?20infrastruktur%?20for%?20alternative%20drivmi
dler.pdf. [Accessed 04 03 2022].

Statens vegveisen, "Ladebrikke — hvorfor og hvordan," Statens vegveisen, 01 03 2022. [Online]. Available:
https://www.regjeringen.no/contentassets/a07ef2d3142344989dfddc75f5a92365/kunnskapsgrunnlag_1mars.pdf
. [Accessed 11 03 2022].

E.ON, "1,600 public charging spots with electricity from renewable energy sources," E.ON, 12 01 2022. [Online].
Available: https://www.eon.dk/in-english/charge-on-the-go.html. [Accessed 11 03 2022].

"The two sides of EV charging network operators," Virta, 29 April 2019. [Online]. Available:
https://www.virta.global/blog/the-two-sides-of-ev-charging-network-operators. [Accessed 24 02 2022].

"Bestill ladekort eller ladebrikke," Vattenfall, [Online]. Available: https://incharge.vattenfall.no/lade-pa-
tur/bestill-ladekort. [Accessed 21 03 2022].

"Denmark to relaunch its electric vehicle market with incentives after a year with almost no sales," electrek, 19
4 2017. [Online]. Available: https://electrek.co/2017/04/19/denmark-electric-vehicle-incentive/. [Accessed 04 03
2022].

"E-Mobility Service Provider (EMSP) and Charge Point Operators (CPO)," PANION, 20. [Online]. Available:
https://www.panion.org/emsp_and_cpo/. [Accessed 24 02 2022].

41



[9

[9
6]

"Insentiver ved kjgp og eierskap av elbiler i Norge," EVBOX, [Online]. Available: https://evbox.com/no-
no/ressurser/vanlige-sp%C3%B8rsm%C3%Ab5I/elektriske-biler-insentiver-norge. [Accessed 04 03 2022].

"Let tilgaengelig ladeinfrastruktur er afggrende," Transportministeriet, 21 8 2021. [Online]. Available:
https://www.trm.dk/nyheder/2021/let-tilgaengelig-ladeinfrastruktur-er-afgoerende/. [Accessed 04 03 2022].

"Pulje p& 65 millioner kroner til ladestandere &bner for ansggninger," Transportministeriet, 1 1 2022. [Online].
Available: https://www.trm.dk/nyheder/2022/pulje-paa-65-millioner-kroner-til-ladestandere-aabner-for-
ansoegninger. [Accessed 04 03 2022].

ACEA, "Electric cars: 10 EU countries do not have a single charging point per 100km of road," ACEA, 9
September 2021. [Online]. Available: https://www.acea.auto/press-release/electric-cars-10-eu-countries-do-not-
have-a-single-charging-point-per-100km-of-road/. [Accessed 18 02 2022].

U. Berge, "Elbilforeningen mener: Derfor trenger vi enklere lading," Norsk Elbilforening, 30 07 2021. [Online].
Available: https://elbil.no/elbilforeningen-mener-derfor-trenger-vi-enklere-lading/. [Accessed 04 03 2022].

C. Martin, "Eltis," Eltis, 15 Februar 2021. [Online]. Available: https://www.eltis.org/in-brief/news/france-
launches-eu100-million-funding-programme-electric-vehicle-fast-charging. [Accessed 18 02 2022].

42



Appendix A — Current EV market distribution

It is useful to have an impression of the development of EV charging in the different countries when considering
payment solutions, and some statistic for public EV charging will therefore be presented. It should be mentioned that
these numbers are only expected to give an indication and are not sufficient to describe the public EV charging
market. The number of charging points is only one element to consider, and these numbers need to be studied in
relation to several other factors to gain an understanding of the charging infrastructure and the attractiveness of the
national charging network. To mention one additional factor to take into consideration, the need for public charging
must be considered in relation to availability of home charging. There are individual differences between the Nordic
countries, but in general charging at home is relatively common in the Nordic countries, and since home charging is
more convenient and affordable, it might be argued that this reduces the need for public charging compared to other
countries [62].

Most of the presented statistics is based on the findings of the Alternative Fuels Observatory why the numbers
presented mirrors the EU definition, including what are considered a public EV charging point as well as the EU
definition of fast charging points [8].

Public EV charging Public fast charging Fast charging points EV market shares
points in 2021 [8] points in 2021 [8] per 100km highway (incl. PHEV) in 2020

in 2021 [8] [63]
Sweden 14 000 n/a 109 32,2%
Norway 20 000 6 500 1200 n/a
Denmark 3500 n/a 52 16,4%
Finland 3 600 724 81 18,1%
Iceland 700 125 340 n/a
Germany 50 000 9 000 70 13,6%
France 32 300 5200 45 11,2%
Netherlands 82 600 2 800 90 25%
Portugal 3500 900 28 13,6%

Sweden

In terms of distribution and accessibility of public EV charging infrastructure, Sweden had approximately 14,000
public EV charging points, corresponding to one charging point per 23 electrical vehicles in 2021 [8]. Further,
governmental initiatives for increasing the high-power charging network (>22 kWh) in dispersed areas have rapidly
resulted in 109 high-power public charging station per 100 km highway as of 2021 [8]. In comparison, ACEA
reported that there were 5 charging points per 100 km of road overall (not only highway) in 2020 and that the
market shares for EVs in Sweden were 32,2% [63].

Norway

Norway had, as of 2021, almost 20,000 charging points, whereof 35% or 6,500 points supports high-power charging
[8]. The network and accessibility of high-power charging are considered well-established with approximately 1,200
charging points per 100 km highway in 2021 [8], making it the country within this study with the highest density.
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Denmark

Denmark had, as of 2021, approximately 3,500 public EV charging points [8]. In terms of density and accessibility to
high-power charging stations, there were 52 charging points per 100 km of highway in 2021 [8], meanwhile a
different report stated that there were 4,4 charging points per 100 km road in total (not only highways) as of 2020
[63]. The same ACEA report also specify that the market share of EVs in Denmark in 2020 were 16,4% [63].

Finland

Even though the amount of plug-in hybrid electrical vehicles (PHEV) is steadily increasing, the amount of EVs is
substantially low in Finland [64], ACEA however reports that the market share of EVs in total are 18,1% as of 2020
[63]. There are 3,637 charging points in Finland, as of 2021, where approximately 20% or 724 charging points are
high-power that supports fast charging [8]. In terms of accessibility, Finland had in 2021 an average of 81 fast
charging points per 100 km of highway according to EAFO [8], compared to an average of 3,3 charging points per
100 km of overall road in 2020 [63].

Iceland

Smaller geographical distances and high accessibility of hydropower and geothermically produced electricity would
make Iceland ideal for the adaption of electrical vehicles whereas the mere size of Iceland should be within the
driving range of most EVs. Total number of public charging points in Iceland is nearly 700 in 2021, whereas 125 are
high-power charging points [8]. With only 37 km of highway, Iceland would have approximately 340 high-power
charging points per 100 km highway, as of 2021 [8].

Germany

Germany had, as of 2021, over 50,000 public charging points, whereas approximately 18% or 9,000 high-power
charging points supports fast charging [8]. Considering that Germany has 13,000 km of highway, the average
number of charging points per 100 km is nearly 400, and if only considering fast chargers, 70 charging points per
100 km [8]. Not considering only highways, there were 19,4 charging points per 100 km road in average as of 2020
and an EV market share of 13,6% [63].

France

The French Government are continuously investing in making public EV chargers more available on the market [65]
and the popularity of EV cars is steadily increasing [66]. By the start of 2021 there were nearly 32,300 charging
points across France, divided by roughly 27,000 normal charging points and 16% or 5,200 high-power fast charging
points [8]. For 11,600 km highway there are, as of 2021, approximately 45 high-power charging points per 100 km
highway [8]. In comparison, there were an average of 4,1 charging points per 100 km road overall (not only
considering highways) and a EV market share of 11,2% as of 2020 [63].

The Netherlands

The total amount of public charging points in The Netherlands were approximately 82,600 in 2021, whereas roughly
3,5% or 2,800 are high-power charging points [8]. With just above 3,000 km of highway, Netherland have more than
2,600 charging points per 100 km if considering all public charging points and approximately 90 high-power charging
points per 100 km, as of 2021 [8]. Considering all roads, there were an average of 47,5 charging points per 100 km
in 2020 [63].

The number of charging points is steadily increasing though and the Dutch government continuously work on
expanding the charging network to incentivize the population to drive electric and residents can in many areas openly
request for public charging points to be installed [67] [68]. As of 2020, the total market shares for EVs were
approximately 25% [63].

Portugal

As of 2021, there are approximately 3,500 public charging points in Portugal, whereas 25% or 900 charging points
are high-power that supports fast charging [8]. Considering the number of charging points in relation to Portugal’s
3,000 km of highway, there is approximately 112 charging points and 28 high-power charging points per 100 km
highway in 2021 [8]. In terms of accessibility on all types of roads, there were in 2020 14,9 charging points per 100
km road [63]. The same year, the market shares of EVs in Portugal was 13,6% [63].
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Appendix B — Current payment solutions at the public EV charging market

Actor

InCharge
(Vattenfall)

Goteborgs

Energi

Fortum

NewMotion
(will be
renamed as
Shell Recharge
Solution)

Plugsurfing

Circle K

Mer

Ionity

Virta

OKQ8

Payment
solution

App, RFID chip

App

App, SMS,
RFID chip

App, RFID chip

App, RFID chip

App, Card
terminal

App, RFID chip

Appl QR_
code/web
payments, Plug
& Charge

App, RFID-chip,
Web payments

App

Type of
actor

CPO and
MSP

CPO and

MSP

CPO and
MSP

CPO and
MSP

MSP

CPO and
MSP

CPO and
MSP

CPO and
MSP

MSP

CPO and
MSP

Sweden

Comments

4000+ charging
points in Sweden

15 chargers
(+50kwh), +1000
chargers with lower
capacity in Sweden

2700 charging
points in the Nordic
countries (also apart
of the Recharge
network)

Part of the Recharge
network, over 250
000 charging points
in Europe

250 000 charging
points in Europe,

Part of the Recharge
network

Lower prices if you
sign up in the app
vs. Ad-hoc charging

500 charging points
in Sweden. The
Swedish app work in
the Norweigan Mer
network

404 locations in
Europe

"Fast charger every
100 miles on all
European highways"

In 30+ countries,
"thousands of
stations”

1000 charging
points available in
Sweden, 10 000+ in
Europe
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App

“InCharge app”

“Ladda din
elbil”

“Fortum Charge

& Drive”

“Shell Recharge

”

App

“Plugsurfing
appll

“Circle K
charge”

“Mer Connect
Sverige”

“IONITY App”
“Virtas
Mobilapp”

“OKQ8
Elbilsladdning”

Partner

A InCharge
RFID chip
works on both
InCharge’s and
E.ON'’s network

Mer, Ionity (will
be able to use
these chargers
with the app in
the future)

Mer Connect
Norway

Collaborates

with car brands
and other MSP
charging cards

Skellefted kraft

Link

https://inchar
e.vattenfall.se/I
adda-pa-
vagen/bestall-
laddkort

https://www.go
teborgenergi.se
/[privat/ladda-
elbil/laddkarta

https://www.fo
rtum.se/

https://my.new

motion.com/

https://plugsurf
ing.com/drivers
-travellers-

solutions/

https://www.cir
clek.se/station-

search

https://se.mer.
eco/snabbladdn
ing/laddkarta/

https://ionity.e
u/

https://www.vir
ta.global/sv/elb
ilsanvandare

https://www.ok
g8.se/hem-
forsakring/ladd
a-elbil/ladda-
pa-vagen/


https://incharge.vattenfall.se/ladda-pa-vagen/bestall-laddkort
https://incharge.vattenfall.se/ladda-pa-vagen/bestall-laddkort
https://incharge.vattenfall.se/ladda-pa-vagen/bestall-laddkort
https://incharge.vattenfall.se/ladda-pa-vagen/bestall-laddkort
https://incharge.vattenfall.se/ladda-pa-vagen/bestall-laddkort
https://www.goteborgenergi.se/privat/ladda-elbil/laddkarta
https://www.goteborgenergi.se/privat/ladda-elbil/laddkarta
https://www.goteborgenergi.se/privat/ladda-elbil/laddkarta
https://www.goteborgenergi.se/privat/ladda-elbil/laddkarta
https://www.fortum.se/
https://www.fortum.se/
https://my.newmotion.com/
https://my.newmotion.com/
https://plugsurfing.com/drivers-travellers-solutions/
https://plugsurfing.com/drivers-travellers-solutions/
https://plugsurfing.com/drivers-travellers-solutions/
https://plugsurfing.com/drivers-travellers-solutions/
https://www.circlek.se/station-search
https://www.circlek.se/station-search
https://www.circlek.se/station-search
https://se.mer.eco/snabbladdning/laddkarta/
https://se.mer.eco/snabbladdning/laddkarta/
https://se.mer.eco/snabbladdning/laddkarta/
https://www.virta.global/sv/elbilsanvandare
https://www.virta.global/sv/elbilsanvandare
https://www.virta.global/sv/elbilsanvandare

E.ON Drive

Tesla

EasyPark

App, RFID chip

Plug & charge

App

CPO and
MSP

CPO and
MSP

MSP

Part of the Recharge

network
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“E.ON Drive”

“EasyPark App”

Roaming
partners with
Vattenfall

Recharge,
E.ON, Goteborg
Energi

https://eondriv
e.eon.se

https://www.ea
syparkgroup.co
m/our-
offer/offer-
electric-vehicle-
charging/


https://eondrive.eon.se/
https://eondrive.eon.se/

Actor

Tesla

Eviny
(Bilkraft)

Kople

E.ON

InCharge
(Vattenfall)

Mer

Elbilforenin
gen

Circle K

Ishavsveien

Ionity

Payment
solution

Plug & charge

App, RFID chip,
QR-code, SMS
payments?

App, RFID chip,
QR-code/web
payments

App, RFID chip

APP, RFID

App, RFID chip,
QR-code/web
payments, SMS
payments

App, RFID chip

App, RFID chip,
QR-code

App, RFID chip

App, QR-
code/web
payments, Plug
& Charge

Type of
actor

CPO

CPO and
MSP

CPO and
MSP

CPO and
MSP

Charging
operator

CPO and
MSP

MSP

CPO and
MSP

CPO and
MSP

CPO and
MSP

Norway

Comments

Support “Vipps”

payments in the app

Able to register

other RFID chips to

support E.ON
charging

22 000 charging
points in Norway,

Sweden, Germany

and Netherlands

Support “Vipps
payments”.

Over 670 fast

charging points in

Norway

Approx. 1200

charging points in

Norway

+550 charging
points in Norway

26 fast charging
stations

404 locations in
Europe

"Fast charger every

100 miles on all

European highways"
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App

“Bilkraft”

“Kople”

“E.ON Drive
Appll

“InCharge App”

“Mer Connect”

“ElbilAppen”

“Circle K
Charge”

“Ishavsveien”

“IONITY App”

Partner

Elbilforeningen

Elbilforeningen

Current
partners:
https://www.ko
ple.no/lad-
elbilen-andre-
apper-rfid-
ladebrikker

Elbilforeningen

Elbilforeningen

Collaborate
with most
networks in
Norway

Provide their
own charging
points but have
also Ionity, Mer
and Tesla
present at their
stations

Collaboration
between
Ishavskraft AS
and Vattenfall
InCharge

Collaborates

with car brands
and other MSP
charging cards

Link

https://www.te

sla.com/no NO
/support/non-
tesla-
supercharging

https://bilkraft.
no/fag/no.html

https://www.ko
ple.no/veilednin
g/dropin

https://eondriv
e.no/

https://inchar:
e.vattenfall.no/
en/charge-on-
the-go

https://no.mer.

€COo/pris

https:
fag-
cat/elbilforenin
gens-
ladebrikke/

https://www.cir
clek.no/elbilladi

ng/ladestasjone

r

elbil.no

https://www.is

havsveien.no/

https://ionity.e
u/


https://www.tesla.com/no_NO/support/non-tesla-supercharging
https://www.tesla.com/no_NO/support/non-tesla-supercharging
https://www.tesla.com/no_NO/support/non-tesla-supercharging
https://www.tesla.com/no_NO/support/non-tesla-supercharging
https://www.tesla.com/no_NO/support/non-tesla-supercharging
https://incharge.vattenfall.no/en/charge-on-the-go
https://incharge.vattenfall.no/en/charge-on-the-go
https://incharge.vattenfall.no/en/charge-on-the-go
https://incharge.vattenfall.no/en/charge-on-the-go
https://no.mer.eco/pris/
https://no.mer.eco/pris/
https://elbil.no/faq-cat/elbilforeningens-ladebrikke/
https://elbil.no/faq-cat/elbilforeningens-ladebrikke/
https://elbil.no/faq-cat/elbilforeningens-ladebrikke/
https://elbil.no/faq-cat/elbilforeningens-ladebrikke/
https://elbil.no/faq-cat/elbilforeningens-ladebrikke/
https://www.circlek.no/elbillading/ladestasjoner
https://www.circlek.no/elbillading/ladestasjoner
https://www.circlek.no/elbillading/ladestasjoner
https://www.circlek.no/elbillading/ladestasjoner
https://www.ishavsveien.no/
https://www.ishavsveien.no/

NAF
ladebrikke

Bertl O.
Steen

Mgller bil

Lade i
Norge

Elton

Plugsurfing

Recharge
(earlier Fortum
Charge &
Drive)

Chargemap

Easypark

NewMotion
(will be
renamed as
Shell Recharge
Solution)

RFID chip

RFID chip

RFID chip

RFID chip, Web
payments, SMS
payments

App, QR-code

App, RFID chip

App, RFID chip,
QR-code/web
payments, SMS
payments

RFID chip

App

App, RFID chip

MSP

MSP

MSP

MSP

MSP

MSP

CPO and
MSP

MSP

MSP

CPO and
MSP

The RFID chip must
be registered at
each operator

The RFID chip must
be registered at
each operator

All charging stations
I this network are
owned privately.
Everyone can offer
their charging point
by connecting to
OCPP

Support “Vipps”
payments

250 000 charging
points in Europe,
Part of the
Recharge network

2700 charging
points in the Nordic
countries (also apart
of the Recharge
network)

450,000 charge
points across
Europe with a
Chargemap pass

Part of the
Recharge network

Part of the
Recharge network,
over 250 000
charging points in
Europe
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“Elton”

“Plugsurfing

”

app

“Fortum Charge
& Drive”

“EasyPark App”

“Shell Recharge

”

App

Mer

Mer, BKK, Lyse,
Fortum, Circle
K, Ionity,
Kople, Lade i
Norge

Recharge (Fort
um), Kople,
E.ON og Ionity
i Norge og
Sverige

Partners:
https://recharg
einfra.com/no/
kundeservice/

https://www.na
f.no/medlemsk
ap/medlemsfor
deler/naf-
ladebrikke/

https://mollerbi
l.no/elbil/ladebr
ikke/

https://ladeinor
ge.no/

https://elton.a

o/

https://plugsurf
ing.com/drivers
-travellers-

solutions/

https://www.fo
rtum.com/medi
a/2020/04/fort
um-partners-
infracapital-
speed-
charging-
infrastructure-
development-
and-growth

https://charge

map.com/pass

https://easypar
k.no/help/no/3
421

https://newmot
ion.com/no-
no/stotte/ofte-
stilte-

sporsmal/ladek
ort


https://plugsurfing.com/drivers-travellers-solutions/
https://plugsurfing.com/drivers-travellers-solutions/
https://plugsurfing.com/drivers-travellers-solutions/
https://plugsurfing.com/drivers-travellers-solutions/
https://chargemap.com/pass
https://chargemap.com/pass
https://newmotion.com/no-no/stotte/ofte-stilte-sporsmal/ladekort
https://newmotion.com/no-no/stotte/ofte-stilte-sporsmal/ladekort
https://newmotion.com/no-no/stotte/ofte-stilte-sporsmal/ladekort
https://newmotion.com/no-no/stotte/ofte-stilte-sporsmal/ladekort
https://newmotion.com/no-no/stotte/ofte-stilte-sporsmal/ladekort
https://newmotion.com/no-no/stotte/ofte-stilte-sporsmal/ladekort

Actor

Tesla

Ionity

E.ON

Clever

Sperto

Spirii

Plugsurfing

EVBox

Payment
solution

Plug & charge

App, QR-
code/web
payments, Plug
& Charge

App, Web
payments,
RFID chip

App, RFID chip,
Card terminal

RFID chip, Web
payments

App

App, RFID chip

App

Type of
actor

CPO and
MSP

CPO and
MSP

CPO and
MSP

CPO and
MSP

CPO and
MSO

MSP

MSP

CPO and
MSP

Denmark

Comments

404 locations in
Europe

"Fast charger every
100 miles on all
European highways"

As an E.ON
customer, you can
charge your electric
car in one of the
largest charging
network in
Denmark, with
1,600 public
charging points. .

More than 900
charging points in
Denmark, Sweden,
and Northern
Germany

They call
themselves “public”
and willing to
connect with other
networks

A plattform provider
that wants other
actors to connect. A
part of the
European roaming
platform Hubject,
which offers
roaming on more
than 200,000
charging points

250 000 charging
points in Europe,

Part of the
Recharge network

EVBox,
manufacturer of
smart and scalable
charging stations.
Offers both charging
points, software and
services
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App

“IONITY App”

“E.ON Drive
App”

“Clever”

“Spirii Go”

“Plugsurfing
appll

“EVBox
Charge”

Partner

Collaborates

with car brands
and other MSP
charging cards

EasyPark app

Hubject

Norlys
software:
“Everon”

Link

https://ionity.e
u/

https://www.eo
n.dk/in-

english/easypar
k.html

https://interco
m.help/cleverd
enmark/da/arti
cles/5355624-
hvordan-
starter-jeg-en-
opladning-med-

clevers-app-
som-ikke-kunde

https://www.sp
erto.dk/opladni
ng/betalingssid
e/

https://spirii.co
m/products-
overview/chargi
ng-network/

https://plugsurf
ing.com/drivers
-travellers-

solutions/

https://news.ev
box.com/en-
WW/201875-
norlys-signs-
multi-year-
partnership-
with-evbox-
group-to-boost-
electric-


https://www.eon.dk/in-english/easypark.html
https://www.eon.dk/in-english/easypark.html
https://www.eon.dk/in-english/easypark.html
https://www.eon.dk/in-english/easypark.html
https://intercom.help/cleverdenmark/da/articles/5355624-hvordan-starter-jeg-en-opladning-med-clevers-app-som-ikke-kunde
https://intercom.help/cleverdenmark/da/articles/5355624-hvordan-starter-jeg-en-opladning-med-clevers-app-som-ikke-kunde
https://intercom.help/cleverdenmark/da/articles/5355624-hvordan-starter-jeg-en-opladning-med-clevers-app-som-ikke-kunde
https://intercom.help/cleverdenmark/da/articles/5355624-hvordan-starter-jeg-en-opladning-med-clevers-app-som-ikke-kunde
https://intercom.help/cleverdenmark/da/articles/5355624-hvordan-starter-jeg-en-opladning-med-clevers-app-som-ikke-kunde
https://intercom.help/cleverdenmark/da/articles/5355624-hvordan-starter-jeg-en-opladning-med-clevers-app-som-ikke-kunde
https://intercom.help/cleverdenmark/da/articles/5355624-hvordan-starter-jeg-en-opladning-med-clevers-app-som-ikke-kunde
https://intercom.help/cleverdenmark/da/articles/5355624-hvordan-starter-jeg-en-opladning-med-clevers-app-som-ikke-kunde
https://intercom.help/cleverdenmark/da/articles/5355624-hvordan-starter-jeg-en-opladning-med-clevers-app-som-ikke-kunde
https://intercom.help/cleverdenmark/da/articles/5355624-hvordan-starter-jeg-en-opladning-med-clevers-app-som-ikke-kunde
https://spirii.com/products-overview/charging-network/
https://spirii.com/products-overview/charging-network/
https://spirii.com/products-overview/charging-network/
https://spirii.com/products-overview/charging-network/
https://plugsurfing.com/drivers-travellers-solutions/
https://plugsurfing.com/drivers-travellers-solutions/
https://plugsurfing.com/drivers-travellers-solutions/
https://plugsurfing.com/drivers-travellers-solutions/

mobility-across-

denmark
NewMotion App, RFID chip  CPO and Part of the “Shell Recharge https://my.new
(will be MSP Recharge network, App” motion.com/
renamed as over 250 000
Shell Recharge charging points in
Solution) Europe
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https://my.newmotion.com/
https://my.newmotion.com/

Actor

Tesla

Ionity

Recharge
(earlier Fortum
Charge &
Drive)

Virta

Helen
Lataus

NewMotion
(will be
renamed as
Shell Recharge
Solution)

Payment
solution

Plug & charge

Appl QR_
code/web
payments, Plug
& Charge

App, RFID chip,
QR-code/web
payments, SMS
payments

App, RFID chip,
Web payments

App, RFID,
Web payments

App, RFID chip

Type of
actor

CPO

CPO and
MSP

CPO and
MSP

CPO and
MSP

CPO and
MSP

CPO and
MSP

Finland

Comments

404 locations in
Europe

"Fast charger every
100 miles on all
European highways"

2700 charging
points in the Nordic
countries (also apart
of the Recharge
network)

Largest public
charging network in
Finland

Supports Virta app,
doesn't have any of
their own

Part of the Recharge
network, over 250
000 charging points
in Europe
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App

“IONITY App”

“Fortum Charge
& Drive”

“Virta”

“Shell Recharge
Appll

Partner

Collaborates
with car brands
and other MSP
charging cards

NewMotion

Virta

Link

https://www.te
sla.com/findus/
list/supercharg
ers/Finland

https://ionity.e
u/

https://tele2iot.
com/case/globa
|-electric-
vehicle-
charging-
infrastructure-
from-virta/

https://www.he
len.fi/en/electri
C_
cars/charging-
network

https://my.new

motion.com/


https://my.newmotion.com/
https://my.newmotion.com/

Actor

On Power

Recharge
(earlier Fortum
Charge &
Drive)

EVBox

Orkusalan

Tesla

Plugsurfing

Payment
solution

RFID chips,

App (only
provided by
others)

App, RFID chip,
QR-code/web
payments, SMS
payments

App

RFID chip

Plug & charge

App, RFID chip

Type of
actor

CPO and
MSP

CPO and
MSP

CPO and
MSP

CPO and
MSP

CPO and
MSP

MSP

Iceland

Comments

Over 100 charging
points on Iceland

2700 charging
points in the Nordic
countries (also apart
of the Recharge
network)

EVBox,
manufacturer of
smart and scalable
charging stations.
Offers both charging
points, software and
services

80 charging points
on Iceland

250 000 charging
points in Europe,

Part of the
Recharge network
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App

“ON Hledsla”

“Fortum Charge
& Drive”

“EVBox
Charge”

“Plugsurfing
appll

Partner

Plugsurfing

Collaborate
with ON Power

Collaborate
with ON Power

Link

https://www.on
.is/en/electric-
vehicles/chargi
ng-points/

https://www.fo
rtum.com/medi
a/2016/07/fort
um-charge-
drive-expand-
collaboration-
power-iceland

https://www.el
ectrive.com/20
21/04/20/evbo
X-On-power-
expand-iceland-
charging-
networ

https://www.or

kusalan.is/hleds
lustodvar

https://plugsurf
ing.com/drivers

-travellers-

solutions/


https://www.on.is/en/electric-vehicles/charging-points/
https://www.on.is/en/electric-vehicles/charging-points/
https://www.on.is/en/electric-vehicles/charging-points/
https://www.on.is/en/electric-vehicles/charging-points/
https://www.electrive.com/2021/04/20/evbox-on-power-expand-iceland-charging-network/
https://www.electrive.com/2021/04/20/evbox-on-power-expand-iceland-charging-network/
https://www.electrive.com/2021/04/20/evbox-on-power-expand-iceland-charging-network/
https://www.electrive.com/2021/04/20/evbox-on-power-expand-iceland-charging-network/
https://www.electrive.com/2021/04/20/evbox-on-power-expand-iceland-charging-network/
https://www.electrive.com/2021/04/20/evbox-on-power-expand-iceland-charging-network/
https://www.electrive.com/2021/04/20/evbox-on-power-expand-iceland-charging-network/
https://www.electrive.com/2021/04/20/evbox-on-power-expand-iceland-charging-network/
https://plugsurfing.com/drivers-travellers-solutions/
https://plugsurfing.com/drivers-travellers-solutions/
https://plugsurfing.com/drivers-travellers-solutions/
https://plugsurfing.com/drivers-travellers-solutions/

Actor

Allego

Smoov

NewMotion
(will be
renamed as
Shell Recharge
Solution)

Ionity

Tesla

Plugshare

Chargemap

InCharge
(Vattenfall)

Plugsurfing

Payment
solution

App, RFID chip,
Card terminal

App

App, RFID chip

App, QR-
code/web
payments, Plug
& Charge

Plug & charge

App

RFID chip

App, RFID chip

App, RFID chip

Type of
actor

CPO and
MSP

MSP

CPO and
MSP

CPO and
MSP

CPO and
MSP
MSP

MSP

CPO and
MSP

MSP

Germany

Comments

More than 28 000
charging points in
Europe

Part of the
Recharge network,
over 250 000
charging points in
Europe

404 locations in
Europe

"Fast charger every
100 miles on all
European highways"

Gather charging
stations from all
over the world

450,000 charge
points across
Europe with a
Chargemap pass

+22 000 charging
points in Sweden,
Norway, Germany
and Netherlands

250 000 charging
points in Europe,

Part of the
Recharge network
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App

“Smoov”

“Shell Recharge
App”

“IONITY App”

“Plugshare”

“InCharge app”

“Plugsurfing
app”

Partner

Over 100
partners in
Europe

Allego

Collaborates

with car brands
and other MSP
charging cards

Several big
operators such
as Tesla

Link

https://www.all
ego.eu/new-
tariffs-2022

https://smoova

pp.eu/

https://my.new

motion.com,

https://ionity.e
u/

https://www.te
sla.com/en_eu/
supercharger

https://www.pl

ugshare.com,

https://charge
map.com/pass

https://incharg
e.vattenfall.se/
en

https://plugsurf
ing.com/drivers

-travellers-

solutions/


https://my.newmotion.com/
https://my.newmotion.com/
https://www.plugshare.com/
https://www.plugshare.com/
https://chargemap.com/pass
https://chargemap.com/pass
https://plugsurfing.com/drivers-travellers-solutions/
https://plugsurfing.com/drivers-travellers-solutions/
https://plugsurfing.com/drivers-travellers-solutions/
https://plugsurfing.com/drivers-travellers-solutions/

Actor

Tesla

Fastned

Chargemap

NewMotion
(will be
renamed as
Shell Recharge
Solution)

Plugshare

IZIVIA

Kiwhi

Allego

Belib

TotalEnergi
es

Payment
solution

Plug & charge

App, RFID chip,
QR-code/web
payments, Plug
& charge

RFID chip

App, RFID chip

App

App, RFID chip

RFID chip

App, RFID chip,
Card terminal

App, RFID chip,
Card terminal

RFID chip, QR-
code/web
payments

Type of
actor

CPO and
MSP

CPO and
MSP

MSP

CPO and
MSP

MSP

CPO and
MSP

MSP

CPO and
MSP

CPO and
MSP

CPO and
MSP

France

Comments

+100 fast charging
stations in
Netherlands,
Germany and other
European countries

450,000 charge
points across
Europe with a
Chargemap pass

Part of the
Recharge network,
over 250 000
charging points in
Europe

Gather charging
stations from all
over the world

IZIVIA becomes the
first French operator
with an
interoperable
charging network
thanks to the
GIREVE platform

43,000 charging
points, i.e. 93% of
the national
network accessible
with Kiwhi Pass card

More than 28 000
charging points in
Europe

411 charging points
available in Paris,
France. Better rates
for owners of Belib’s
RFID chip and/or
residents of Paris

+100 fast charging
station in France,
also stations in
Germany, Belgium
and Netherlands
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App

“Fastned app

“Shell Recharge

”

App

“Plugshare”

“IZIVIA”

“Smoov”

“BELIB"”

Partner

Have bought
Mistergreen

Several big
operators such
as Tesla

Over 100
partners in
Europe

A list of RFID
chips accepted:
https://evcharg
e.totalenergies.
com/en/system
/files/atoms/file
$/20220221_list
e_emsp_v3_mk
t_1.pdf

Link

https://support.
fastned.nl/hc/e
n_
gb/articles/209
499838-How-
can-I-pay-at-
Fastned-

https://charge
map.com/pass

https://my.new

motion.com/

https://www.pl

ugshare.com,

https://www.izi
via.com/carte-
borne-
recharge-izivia

Lokasjoner:
https://www.ki
whipass.fr/#art
6

https://www.all
ego.eu/new-
tariffs-2022

https://belib.pa
ris/fhome

https://evcharg
e.totalenergies.
com/en/you-

are/you-are-ev-

driver


https://chargemap.com/pass
https://chargemap.com/pass
https://my.newmotion.com/
https://my.newmotion.com/
https://www.plugshare.com/
https://www.plugshare.com/
https://www.izivia.com/carte-borne-recharge-izivia
https://www.izivia.com/carte-borne-recharge-izivia
https://www.izivia.com/carte-borne-recharge-izivia
https://www.izivia.com/carte-borne-recharge-izivia
https://evcharge.totalenergies.com/en/you-are/you-are-ev-driver
https://evcharge.totalenergies.com/en/you-are/you-are-ev-driver
https://evcharge.totalenergies.com/en/you-are/you-are-ev-driver
https://evcharge.totalenergies.com/en/you-are/you-are-ev-driver
https://evcharge.totalenergies.com/en/you-are/you-are-ev-driver

Actor

Allego

Tesla

InCharge
(Vattenfall)

NewMotion
(will be
renamed as
Shell Recharge
Solution)

Fastned

Ionity

Tango

E-Flux

Payment
solution

App, RFID chip,
Card terminal

Plug & charge

App, RFID chip

App, RFID chip,
Card terminal

App, RFID chip,
QR-code/web
payments, Plug
& charge

App, QR-
code/web
payments, Plug
& Charge

App, RFID chip

RFID chip

Type of
actor

CPO and
MSP

CPO and
MSP

CPO and
MSP

CPO and
MSP

CPO and
MSP

CPO and
MSP

CPO and
MSP

MSP

The Netherlands

Comments

More than 28 000
charging points in
Europe

Opens up for third
parties in NL

+22 000 charging
points in Sweden,
Norway, Germany
and Netherlands

Part of the
Recharge network,
over 250 000
charging points in
Europe

+100 fast charging
stations in
Netherlands,
Germany and other
European countries

404 locations in
Europe

"Fast charger every
100 miles on all

European highways"

RFID chip covers
most charging
points in NL

They provide their
“E-Flux” RFID card,
99% coverage in
the NL

55

App

“Smoov”

“InCharge app”

“Shell Recharge
App”

“Fastned app”

“IONITY App”

“Tango electric
app”

Partner

Over 100
partners in
Europe

Have bought
Mistergreen

Collaborates

with car brands
and other MSP
charging cards

Part of Q8

Link

https://www.all
ego.eu/new-
tariffs-2022

https://www.te
sla.com/findus/I
ist/supercharge
rs/Netherlands

https://incharg
e.vattenfall.se/
en

https://my.new

motion.com/

https://support.
fastned.nl/hc/e
n_
gb/articles/209
499838-How-
can-I-pay-at-
Fastned-

https://ionity.e
u/

https://www.ta
ngo.nl/electric-
particulier

https://www.e-

flux.nl/en/e-
flux-mobility-
cards/


https://my.newmotion.com/
https://my.newmotion.com/
https://www.tango.nl/electric-particulier
https://www.tango.nl/electric-particulier
https://www.tango.nl/electric-particulier
https://www.e-flux.nl/en/e-flux-mobility-cards/
https://www.e-flux.nl/en/e-flux-mobility-cards/
https://www.e-flux.nl/en/e-flux-mobility-cards/
https://www.e-flux.nl/en/e-flux-mobility-cards/

Actor

Ionity

Tesla

KLC

Miio

Galp

Repsol

Prio

Payment
solution

Appl QR_
code/web
payments, Plug
& Charge

Plug & charge

App, RFID chip

App, RFID chip

RFID chip

RFID chip

Type of
actor

CPO and
MSP

CPO and
MSP

CPO

MSP

MSP

CPO? (no
payment
options by
Repsol)

CPO and
MSP

Portugal

Comments App

404 locations in
Europe

"Fast charger every
100 miles on all
European highways"

“IONITY App”

Seems to support “miio”
almost all charging
points within the

Mobi.e network

More than 1000
charging stations in
Portugal and Spain

67 charging stations
in Portugal
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Partner

Part of the
national Mobi.e
network

Collaborates

with car brands
and other MSP
charging cards.

Cepsa
partnership?

Part of the
national Mobi.e
network

Part of the
national Mobi.e
network

Part of the
national Mobi.e
network

Part of the
national Mobi.e
network

Part of the
national Mobi.e
network

Partner with
Uber

Part of the
national Mobi.e
network

Link

https://ionity.e
u/

https://www.k
mlowcost.com/
en/our-client"

https://www.mi
io.pt/en#miio-
pay

https://galp.co

m/pt/

https://www.m
obie.pt/en/rede
mobie/procurar
-posto

https://www.pri
0.pt/en/prio-
stations 289.ht
ml?tab=1&type
=2h


https://ineews.eu/miio-disponibiliza-carregamento-digital-de-veiculos-eletricos-em-toda-a-rede-mobi-e/
https://ineews.eu/miio-disponibiliza-carregamento-digital-de-veiculos-eletricos-em-toda-a-rede-mobi-e/
https://ineews.eu/miio-disponibiliza-carregamento-digital-de-veiculos-eletricos-em-toda-a-rede-mobi-e/
https://ineews.eu/miio-disponibiliza-carregamento-digital-de-veiculos-eletricos-em-toda-a-rede-mobi-e/
https://galp.com/pt/pt/particulares/estrada/cartao-galpelectric-info
https://galp.com/pt/pt/particulares/estrada/cartao-galpelectric-info
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